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Many in v e s tig a tio n s  have been c a rrie d  out 
on tbce Influence o f atoms in  organic compounds on 
the re a c t iv ity  of o th er atoms in  the same m olecule. 
Lapworth and Shoesmith (J . C. S. ,1922,121,1391),
Shoesmith and co llab o ra to rs  (J.O .S . ,1923,123.2828; 
1924,126,1312,2278; 1926,214,2832; 1927,1768) have 
in v estig a ted  in fluences governing r e a c t iv i ty  in  
su b s titu ted  halogenated benzenoid d e riv a tiv e s  w ith a 
view to discovering how fa r  r e a c t iv ity  i s  determined 
by (1 )  general in flu en ces , where the in tro d u c tio n  of 
an atom or group a f fe c ts  the r e a c t iv i ty  o f the 
molecule as a whole, (2 ) a lte rn a tin g  in flu en ce s , which 
are responsib le  fo r  a l te rn a tio n  of re ac tiv e  p o s itio n s , 
and (3) s p a t ia l  and s te r ic  in fleu inces, which are 
genera lly  apparent in  ortho-compounds and - s u b s t i tu t ­
ed a lip h a tic  compounds, (compare F lu rsch e im ,J .C .S ., 
1909.95.718: Lapworth,Mem.Manchester .P h il.Soc. ,1920,
64,No.3; KSrmacE and Robinson,J . C .S .,1922,121,428;
« M M  '
Lapworth and Shoe sm ith , lo c. c i t . ; Robinson,Ann. R eports, 
1922,19,98), since the r e a c t iv i ty  of any atom in  an 
organic molecule is  governed by these fa c to rs .
P a r t ic u la r  a tte n tio n  has been d irec ted  to  the 
second of th e se , and the experim ental r e s u l ts  obtained 
were in  many cases p red ic ted  by, and have su b stan tia ted
the p rin c ip le  o f induced a l te rn a te  p o la r i t ie s  formu-
.
la ted  /
3.
formulated Toy Lapworth (Mem.Manchester P h il .S o c ., 
1920,64, i i , l ;  J . c . s .  ,1922,121,416 ), which p o s tu la te s  
the production o f re ac tiv e  p o s itio n s  in  an organic 
molecule owing to  the presence o f a “key-atom". The 
“key-atom" induces a l te rn a te ly ,  s im ila r p o la r i t ie s  on 
atoms in  a chain or ring  and is  denoted by a dot 
attached t o , i t s  p o lar s ign . The p r in c ip le  may he 
regarded as of fundamental importance and “as the 
b asis  o f the fu tu re  development o f organic chemistry" 
(compare van D uin ,2 .physikal. Chem. ,1927 ,130,364).
The reason why c e r ta in  atoms,notably  oxygen, should 
be potent “key-atoms“ in  an organic m olecule, i s  as 
yet somewhat obscure, but i t  is  c e r ta in ly  not due to 
the n eg a tiv ity  o r p o s i t iv i ty  o f an atom, as u sua lly  
regarded, since,when f lu o rin e  is  compared w ith  
oxygen i t  is  found th a t the l a t t e r  i s  the more power­
fu l "key-atom*, and i t  appears to be due la rg e ly  to 
the conjugation o f the oxygen atom w ith  the  atoms 
through which the Influence is  tra n sm itte d .
This theory put forward by Robinson (Chem. 
and Ind..,1925,44,456 ) exp la ins the phenomena of 
su b s ti tu tio n  in  a benzene nucleus contain ing  a 
hydroxyl-group. The oxygen atom i s  a source of
e le c tro n s , one of which moves to  the of-carbon atom 
and the remaining e lec tro n s o f the  nucleus undergo a 
rearrangement which re s u lts  in  th e /5 -  and £ -  carbon 
atoms, th a t is  the o rtho - and p a ra -p o s itio n s  ,becoming 
n eg a tiv e ly /
negatively  charged, the cond ition  necessary fo r  
a ttack  by reagen ts such as n i t r i c  acid  and benzene 
diazonium c h lo rid e , e tc . This is  seen from the
fig u re  :
?
1ST—
The theory has been remarkably f r u i t f u l  in  explain ing  
the various phenomena met w ith  in  benzene s u b s ti tu t io n .
The s im ila r i ty  o f the m ethyl-to the hydroxy l -  
group as regards d ire c tiv e  influence suggests th a t 
the carbon atom of the methyl-group should be s im ila r 
to the oxygen o f the hydroxyl-group. The e a r l ie r  
theory of Lapworth postu la ted  th a t the hydrogen of 
the methyl-group would ac t as a p o s itiv e  “key-atom“ , 
w hilst in  accordance w ith  the  l a t e r  theory of 
Robinson ( J .C .S ., 1926,401), the  methyl-group is  to 
be regarded as an “e lec tro n  source“ .
I t  was from the po in t o f view o f te s tin g  
the tru th  of the  theory of induced a l te rn a te  p o la r i t ie s  
tha t Shoesmith and S la te r  ( J . C. S..,1924,125,2278 ) 
inv estig a ted  the re a c t iv ity  of the bromine in  the 
isom eric CO ~-bromo-xylenes in  which the  d ire c tiv e  
influence of the methyl-group i s  .manifest and 
discovered/
4 .
discovered th a t as fa r  as the "behaviour o r those 
compounds were concerned,, the suggestions of Lapworth 
were abso lu tely  c o rre c t. Thus the order of ease of 
hydrolysis o f these  compounds, in  which a negatively- 
induced bromine atom in  the o rth o - and p a ra - i  some rid e s  
should be more e a s ily  removed than the p o s itiv e ly  in ­
duced bromine atom in  the meta-compound,, was ac tu a lly  
ortho and para  > meta,, w h ils t when the bromides were 
allowed to re ac t w ith  hydrogen io d id e , th a t i s  a 
reagent chosen to  show the “p o s i t iv e “ natu re  of the 
bromine, the o rder of ease of removal was reversed .
The expected p o la r i ty  o f the bromine atom in  these: 
compounds may be seen from the fig u re s  below and the 
reac tions employed to demonstrate the d iffe ren ces  
were ( l )  R.CHgBr+HOH —^R.CHgOH +• HBr and
(2 ) R.CligBr + HI  ?R.CH3 + IBr
I Br +- Hi —  ̂i s + HBr 
The lib e ra te d  iodine in  the l a t t e r  case was a measure 
of the reduction  which had taken p lace .
The influence o f tne me thy 1-gro.up was also apparent 
in /
p
in  the manner in  which the isom eric iodo-to luenes 
"behaved w ith  hydrogen iod ide . In th is  case, the 
halogens are one p lace nearer the “Key-atom" than in  
the 00 -brom o-xylenes, and i t  was found th a t the o rth o - 
and para-isom erides were re a c tiv e , w h ils t the meta­
deriv a tiv e  was very slowly reduced.
5.
There are however severa l exceptions to the 
simple p o la r ity  ru le , one of which is  the n i t r a t io n  
of te r tia iy -b u ty l-b e n z e n e , where the su b s titu e n t en te rs  
the p a ra -p o s itio n  (M alherbe,Ber. ,1919,§§,519 ) to a 
preponderating degree. The “Key-atoms", th a t is  the 
hydrogen atom s,since they are one place removed from 
the benzene ring  as compared w ith th o se  in  to luene , 
would be expected to  bring about meta s u b s ti tu t io n .
H
The form ation o f a p-nitro-compound may however be 
due to a la rg e  s te r ic  e f fe c t  of the  te r t ia ry - b u ty l -  
group I
group ( compa re Ingold , Ann. Report s , 19 26 J33 ,141 ;
VorländerTBer..1 91 9 ,5 2,2  74 ) which causes a l l  s u b s t it ­
uents to enter the nucleus as fa r  as possible away 
from the group already present in the molecule or a large 
general influence which pushes a l l  the electrons 
to the p a ra -p o sitio n  and hence there would be no 
a lte rn a tin g  e ffe ct in  the general sense of the term.
The methods Used in the in v e s tig a tio n  of the d ire c t iv e  
power of the methyl-group would r e a d i ly  show the 
presence of the a lte rn a tin g  influence and therefore 
the fo llo w in g  compounds have been prepared and the 
l a b i l i t y ,  that is  the ease of replacement of the 
halogens in them, in vestigated  ;( 1 ) the isomeric 
io d o -te rt ia ry -b u ty l-b e n ze n e s  of the general formula,
Me^O. O^H^.I and ( 2 )m- and p - t e rt i a r y -b u t y 1 -b enzyl bromides, 
Me^O.OfcH^.0H2B r . The isomeric te r t ia r y -b u ty l -b e n z o ic  
acids, MejO.O^H^.OOOH, the la st of the series, 
were prepared in  order to trace any r e g u la r i t ie s  
which might appear in  th e ir  d iss o c ia tio n  constants, 
since th is  is  one of the p ro p e rtie s  influenced by 
substituent groups.
The method of preparing the io d o - t e r t i a r y -  
butyl-benzenes involved the is o la t io n  of the 
corresponding amines, and v/hilst the d e ta ils  concerning 
the met a -  and para-isomerides were a va ila b le , i t  
is  n o t< > o rth y  that no o rth o -d e r iv a tiv e  of t e r t i a r y -  




having "been determined had h ith e r to  been prepared. 
SenkcwsJd. (Ber... 189Q .35.2414) de&cribed a compound, 
separated from a n i t r a t io n  mixture of o - and p -n i t ro -  
te r t la ry -b u ty  1-benzenes , as the  o -n i t ro -d e r iv a t iv e , 
but he put forward no proof of the c o n s ti tu tio n .
This was probably due to the d i f f ic u l ty  o f converting 
the compound to. o -n itro -b en zo ic  acid  and which was 
also  encountered in  the p resen t re se a rc h , but from the 
manner in  which i t  was f in a l ly  prepared and i t s  
subsequent reduction  to the ami no-compound, i t  has 
been possib le  to  show th a t  Senfcows&i was c o rre c t. 
p -N itro - te rtia ry -b u ty l-b e n z e n e , which was proved by 
Malherbe ( l o c .c i t .  ) to  be the p -n i t ro -d e r iv a t iv e , 
since on ox idation  i t  g ives p -n itro -b en zo ic  ac id , 
was fu r th e r  n i tra te d  and gave d in i t r o - te r t ia r y - b u ty l -  
benzene. This compound must have the c o n s titu tio n  
I o r I I .
/V0X /vo*.
I  IT
On reduction  w ith  ammonium hydrogen su lp h id e , th e
dinitro-compound gave a nitro-amine, m.p. 54*5^55.5° , 
must
which/have the c o n s titu tio n  I I I ,IV , V o r VI.
a.
A'Oj. A/Ha A%. /VWa
he n  m
Compound (Vi) ( £er«. ,1887,20.»32&4), m.p. 106.5°, has "been 
described by Gelzer* The nitro-amine prepared Xrom 
the dinitro-compound must th e re fo re  he e i th e r  I I I ,
IV or V. §y e lim in a tio n  of the amlno-group Xrom I I I  
or V, p -n i$ ro -te rtia ry -bu ty1 -benzene  would re s u l t ,  
w h ilst Xrom IV, the o r th o -n itro -d e r iv a tiv e  would he 
Xormed. The am ino-derivative obtained on reduction  
oX th is  nitro-compound &ave an acetam lno-derivatlve 
oX m.p. i6i° -  i62°. p -A ce ta ia in o -te rtia ry -h u ty i- 
henzene has m.p. i6y° , w h ils t a mixture offthe two 
had m,p, i 2y. 5°- 130.6° . This acetam ino-derivative 
must thereXore he o -acetam ino -te rtia ry -hu ty i-henzene  
and hence the nitro-amlno- and dinitro-compounds have 
tne c o n s titu tio n s  represen ted  by formulae iv  and 
I  resp ec tiv e ly .
This po in t i s  oX importance since i t  shows 
th a t the o rtho- and p a ra -p o s itio n s  are attacked  in  
d ire c t n i t r a t io n  hut not the met a.
The/
$
This compound described by Gelzer as a d e riv a tiv e  
of isobutyl-benzene is  a te rtia ry -b u ty l-b en zen e  
d e riv a tiv e . Gelzer { B a r .,1888,21,2950 ) also  
describes a compound of m.p. 124° as 2 - n i t ro - 3-amino- 
isohutyl-henzene ( in  r e a l i ty  a te rtia ry -b u ty l-h en zen e  
derivative  ). This is  quoted in  R ic h te r’s Lexikon as 
the 3~am lno-4~nitro-derivative, which i t  probably i s ,  
hut since there i s  a doubt as to i t s  c o n s ti tu tio n , 
i t  is  not re fe rred  to in  the presen t th e s is .
TUG isom eric io d o -te rtia iy -b u ty l-b en zen es  
were prepared as described l a t e r  and subm itted to the' 
ac tion  or hydriodic acid in  g la c ia l  ;a c e tlc  acid 
so lu tion  at Z50(, compare Shoe sm ith and S l a t e r , i o c . c i t . , 
p. 2 3 8 1 when i t  was discovered th a t the ortho-compound 
was very re a c tiv e , the para  reac tiv e  hut le s s  so than 
the Ortho- d e riv a tiv e  and the met a not alTected. The 
same order or r e a c t iv ity  was observed when the iodo- 
compounds were acted upon by hydriodic acid at io u ° . 
The graphs i l lu s t r a t in g  these r e s u l ts  are given in  
F igures I and I I .
1 0 .
to a t ta in  o - te r tia x y -b u ty l-b e n z y l bromide, i t  was 
decided to ahandan the p rep ara tio n . The Beta- and 
para-isom erides were prepared w ith  g re a te r  success 
and, in  order to t e s t  the r e a c t iv i ty  o£ the h r ©mine 
atoms, were sub jected  to the ac tio n  o f (1 ) hydriodic 
acid and (2 ) aqueous a lco h o l.( compare p .3 .) .
I t  was £ound th a t w ith  hydriodic acid in  
g la c ia l  ac e tic  acid  at 25° , there  were in d ica tio n s  
th a t the meta-compound was s l ig h tly  more reactivfc w ith  
l ib e ra t io n  o£ iodine than was the para-isorneride.
Prom/
1 1 .
Prom the la s t  experiment i t  was possib le  to Iso la te  
p - te r tia ry -b u ty  1-benzyl iodide ( id e n t ic a l  'with a 
sample prepared by a method which l e f t  no doubt as 
to i t s  com position) a f te r  the bromide had stood in  
contact w ith the reagent fo r 4 days and again  a f te r  
10 days. This po in t is  a lso  of importance, since i t  
shows th a t no m olecular rearrangement of the t e r t i a r y -  
butyl-group takes place in  presence of hydriodic acid . 
At 100° and' 110° , the order of ease of reduction  was
d e f in ite ly  m eta> para . The re su lts  of these
• -





Prom the graphs in  Figure iv  i t  is  possib le  to a rriv e
at an approximate ra te  of reduction  by determining
the rec ip roca l of the time taJsen fo r  50 per cent of
the compounds to  undergo reac tio n  (vide Shoesmith
and S la te r , J. c. S. ,1926,216 ). They are fo r  the meta-
isomeride, K_ = 0 .39 , K— = 0 .8 7 , and fo r  the para-'ioo° no°
isomeride, Kp)0tjO = Q..23, Kpuo° = Q..63. The values fo r
unsubstitu ted  benzyl bromide are kU|o(J-Q .20*, K^iirf>=0..3<r
and show th a t both compounds are more rap id ly  reduced
than the unsubstitu ted  benzyl bromide.
With/
*Shoesmith and S la te r  ( lo c . c i t . ,  p .217 ).
With aqueous alcohol the para—isome ride  was 
more rap id ly  hydrolysed than  the meta, as seen from 
Figure V.
F  i q urey .̂
I i me i n hours
The approximate v e lo c ity  constants a t 60° have "been
determined as "before and found to. "be K o .9 6  fo r  the°V
meta-compound, KPfeo0 = i . 7 l  fo r the  para . At 25° , 
de fin ite  v e lo c ity  constan ts were- obtained and. are 
^ ^ = 1 9 2  x l c r 6 fo r the me t a - i  some ride  and kp =333 xl(SF€ 
for the para. The values =* 0.67 (Shoesmith and 
S la te r ,lo c . c i t ,  ) and 3c =*125 x iq""'6 (Shoesmith and2j°
Rubli /
Rubli, J .C .S. ,1937,3099) sHow tiia t the. m- and. p - t e r t -  
iary -bu ty l-benzey l bromides are more reac tive  than the 
unsubstitu ted  compound. This proves th a t there  i s  a 
d e f in ite  transm ission  of an Influence to the m eta- 
p o sitio n  and th a t at th is  p o in t, the re a c t iv ity  is  
very d e f in ite ly  opposite froia th a t in  the para- 
p o sitio n .
The d is so c ia tio n  constan ts of the isomeric 
te r t ia ry -b u ty1-benzoic acids were determined at 35® 
and found to he K ^ - 3 .8  x 10"'8 , ^ » 5,2 x IQ“3 ,
Kpzs<>= 4 .3 x 10"3 fo r  the ortho-? me t a -  and p ara- 
isomerldes re sp e c tiv e ly . The d is so c ia tio n  constant 
fo r henzoic acid is  £ ^  = 6, 9 x 1Q~3. Thus of the 
three acids, the ortho is  stronger arid the meta and 
para weaker than the u n su h stitu ted  henzoic acid .
In order to produce ad d itio n a l evidence th a t 
the o rth o -p o sitio n  in  t  e r t  i  ary-h u ty 1-h e nz ene i s  re­
ac tiv e , the follow ing experiments were a lso  ca rried  
out. A fter many unsuccessfu l a ttem pts, using 
various c a ta ly s ts , p -n itro - te r tia ry -h u ty l-h e n z e n e  was 
slowly hrominated in  presence of very f in e ly  divided 
iron and a hromo-nitro-compound was ob tained , which 
must have the c o n s ti tu tio n  I o r I I :




On reduction , the corresponding am ino-derivative was 









On ace ty la tlo n  or th i s ,  a compound, m.p. 142°- 143°, 
was produce?!. 3- Br omo-4™acet araino-1ertiary-Puty  1- 
benzene has m.p. 156- 158° and when mixed w ith  the 
acetamino-compound* obtained above,, has m.p. 13V?- 138°. 
Consequently the Promo-amin$- and P rom o-n itro -derivatives 
have the c o n s titu tio n s  represented  Py formulae I I I  
and I re sp ec tiv e ly , and the compound formed on 
elim ination of the amino-group from I I I  was o-promo- 
te rtla ry -b u ty l-b en zen e . T h is , taken in  conjunction 
with the evidence obtained from the reduction  of o- 
i o do -ter tla ry -p u ty l-b en zen e , shows the a c t iv i ty  o f the 
o rtho -position , I t  i s  noteworthy th a t the brom ination 
of the p -n itro -d e riv a tiv e  was very much slower than 
that of the corresponding toluene compound, a fac t 
which is  probably due to the large  s te r ic  in fluence 
of the te rtia ry -P u ty l-g ro u p .
As may be seen from many foo t no tes, 
considerable confusion has a risen  in the l i te r a tu r e  
with respect to iso b u ty l-  and tertiary-buty1-com pounds, 
Schramm/
Schramm (Manatall. ,1888,2,615) discovered th a t t e r t i a r y -  
buty 1-benzene- was formed by the ac tio n  of iso b u ty l 
chloride on benzene in  presence of aluminium ch lo rid e , 
and th a t the p ro p e rtie s  of the hydrocarbon obtained 
d iffe red  e n t ire ly  from those of isnbuty 1-benzene 
prepared from bromobenzene- and iso b u ty l bromide or 
iodide in  presence of sodium. An “Umlag e/rung u has 
taken p lace , probably owing to the tendency of the 
symmetrical, isobutyl-group to change in to  the 
symmetrical te rtia ry -b u ty 1 -g ro u p . This m olecular 
rearrangement o f  6he iso b u ty l-  in to  the te r t ia ry - b u ty l -  
group has also been observed by.Baur (B e r .,1891,24, 
2832),who found th a t the hydrocarbon, obtained by the 
action  of isobu ty l ch loride on toluene in  presence of 
aluminium ch lo rid e , was id e n tic a l  w ith th a t obtained 
by employing te r tia ry -b u ty l-b iilo r ld e  in stead  of iso ­
b u ty l ch lo ride , th a t i s r i t  was te r t ia ry -b u ty l- to lu e n a  
Another in te re s tin g  transfo rm ation , was observed by 
Verley (Bl. ,1898, [3] ,19. 67), who obtained p - t e r t i a r y -  
buty l-to luene by the ac tion  of iso b u ty l alcohol on 
toluene in  presence of su lphu ric  acid as condensing 
agent. The hydrocarbon can be oxidis&d to  p - t e r t -  
iary-bu ty l-benzo ic ac id , m.p. 164°, an a c id , proved 
by B ialobrzeski ( B e r .,1897,30,1773 ) not to be 
p-isobutyl~benzoic ac id , as was form erly m aintained, 
but the tertiary-butyl-com pound in  the follow ing way.
By I
By the action  of lsobu ty l ch loride on to luene in  
presence of f e r r i c  ch lo rid e , B ialobrzesk i obtained a 
hydrocarbon which was id e n tic a l  w ith th a t prepared 
when te r tia ry -b u ty l-c h lo r id e  was used in s tead  of 
isobutyl ch lo rid e , tha t i s ,  the hydrocarbon was p - 
te r tia ry -b u ty l- to iu e n e  and the acid obtained on 
oxidat io n / te r t  i  ary-butyl-benzo i  c aci d.
This m olecular rearrangement has probably
rbecaused /perp lex ity , which has been remarked upon in  
the l i te r a tu r e  from time to. time (v ide Konowalow,
Cent r , , 1899 ,X,, 777 ; Wi llg e  r  o d t  and Ramp ache r , Be r . , 
1901,34^3666; Anschutz and R auff, Annaien, 1903,327, 
202-,fo o tn o te ; B e iis te in , Handbuch der Organischen 
Chemle,Hamburg 1903, Vol. I I  ,p. 845; B oedtker,B l. ,1906,
[3], 35,833; R eilly  and Hickinbottom, J. C.S. ,1920,117, 
105).
All the compounds described in  th is  research  
are te rtia ry -b u ty l-b en zen e  d e r iv a tiv e s , s in c e , ( l )  
the io d o -te rtia ry -b u ty l-b en zen es and o- and m -te rtiaay  
-bptyl-benzoic acids were a l l  prepared from t e r t i a r y -  
butyl-benzene , w h ils t (2 ) the m -tertia ry -bu ty1 -benzy l 
bromide used, gave in -te rtia ry -b u ty l-b en zo ic  acid  on 
oxidation (p, 48 ) and (3) p - te r tia ry -b u ty l-b e n z y l-
bromide was obtained from p - te r tia ry -b u ty l- to lu e n e , 
which gave p - te r tia ry -b u ty l-b e n z o ic  acid  id e n tic a l  
with a specimen prepared from p -b ro m o -te rtia ry -b u ty l- 
benzene (p .52 ).
1 7 .
PREPARATIVE. 
o- Io do-t e r11 ary-fr uty l - frenzene.
o~Iodo-tGrtiajryHrutyl~'benz.ene was a tta in e d  





Ter t i a r y -tu ty  1-fte nzene« Tertiary-Tautyl-eenzene was
prepared/
1 9 .
prepared by tlie ac tio n  of a mixture' of iso -  and tePrt- 
iaxy-'butyl-chlorides on "benzene in  presence of 
aluminium chlo r id e ,
The mixed "butyl ch lo rides were obtained from 
isobuty l alcohol (b .p . 106.5°- 108.5° ) by the  method 
described by Dehn and Davids. ( J. A. c, S. , I so?. 29,1332 ) 
in  the apparatus "shown below.
B
Isobutyl a lcohol ( i l l  grams ) was added as 
rapidly as the vigour of the re ac tio n  would permit 
from the dropping funnel B to  phosphorus tr ic h lo r id e  
(102 grams ) contained in  the f la s k  A, which was con­
tin u a lly  shaken and gen tly  heated during the add ition . 
Hydrogen/
Hydrogen ch loride was evolved and passed through the 
d i s t i l l a t io n  column C to  tne condenser D which was 
£ ilied  w ith g la ss  deads over which w ater dropped from E, 
in  order to adsorb the fumes. When a l l  the a lcohol had 
been added, a warm so lu tio n  of 46 grams zinc ch loride 
which boiled  at 150°- 160° was admitted at in te rv a ls  
from the dropping funnel F in  such a way th a t the zinc 
chloride d issolved immediately, a p recau tion  which 
increases the y ie ld  considerab ly . During the zinc 
chloride ad d itio n , the re a c tio n  mixture was maintained 
a t 70° and a f te r  the a d d itio n , the re a c tio n  product 
was completely d i s t i l l e d ,  the o i l  and w ater in  the 
receiver separated , and the former washed in  tu rn  w ith  
w ater, sodium carbonate to remove acid  and then again 
w ith w ater. The o i l  was d ried  over calcium ch loride  
and frac tio n a ted , the p o rtio n  b o ilin g  between 51°and 
72° being co llec ted  sep a ra te ly , and was a mixture of 
iso - and te r t ia ry -b u ty l  ch lo rid e s . In th is  way 
1217 grams of tne ch lo rides were:' ob tained from 3005 
grams isobu ty l a lcoho l, rep resen ting  a y ie ld  of 32 per 
c e n t, which could not be improved ( compare Dehn and 
Davis.).
A fter ta l in g  a l l  p recau tions as recommended 
by Dehn and Davis fo r avoiding the form ation of sec­
ondary products, the reac tio n  mixture was found to 
contain in  add ition  to the ch lo rid e s , about 32 per cent 
of a higher b o ilin g  liq u id  which probably contains 
polymerides/
30.
polymerides of Iso butylene (Meyer and Jacobson, 
lehrtouch der ©rganischen Chemie,Berlin and L eipzig , 
1922, Vol. I ,  p a rt 1, p. 842 ).
T_he met nod toy which normal toutyl ch loride  
is  prepared (N orris, Organic Syntheses, New Yorl,192&, 
vol. V, p .27 JiWas found to toe use less  fo r  the p rep a ra t­
ion o f isotoutyl ch lo rid e . isotoutyl alcohol along 
with a so lu tio n  of anhydrous zinc ch lo ride  in  concen­
tra te d  hydrochloric acid  were heated under a re flu x  
condenser fo r  approxim ately 4. hours, the  re ac tio n  
mixture was allowed to cool and the upper lay e r 
separated from the zinc ch lo ride  and reheated  fo r 
ha lf an hour w ith an equal volume of concentrated 
sulphuric acid in  the same way.. The re a c tio n  product 
was then d i s t i l l e d ,  the d i s t i l l a t e  washed w ith  w ater 
and dried over calcium ch lo rid e , tout no isotoutyl 
chloride could toe d e tec ted , even when the re a c tio n  
was ca rried  out under o ther cond itions.
T ertia ry  toutyl toenzene was prepared toy the 
method described toy Schramm (Monat&h . ,1888,9.,615) in  
H_he apparatus shown toelow.
2 1 .
3 2 .
Finely powdered anhydrous aluminium ch lo ride  (one p a rt 
by weight ) was mixed w ith  benzene (3 p a r ts  ) and the 
mixture- cooled in  le e .  The flaslc was f i t t e d  w ith  
a th ree holed corK, carry ing  (a )  a condenser »In tu rn  
closed toy a calcium chloride tu b e , (to ) a dropping 
funnel and (c ) a s t i r r e r ,  since i t  was found th a t the  
y ie ld  was g re a tly  increased  whan the  re a c tio n  m ixture 
was s t i r r e d .  The m ixture o f ch lo rid es  (one p a r t ) 
was added slowly in  small q u a n ti t ie s  a t in te rv a ls ,  
hydrogen cl^Lbrlde toeing evolved. A fter the add itio n  
of the ch lo rid es , the ac tio n  was allowed to  proceed 
fo r about 48 hours. (To ensure success In  th is  prep­
ara tio n , a l l  reagen ts and apparatus must toe dry and the 
reaction  m ixture-m aintained approxim ately a t 0d , since 
the y ie ld  of tertiary-toutyl-toenzene decreases i f  the 
temperature- i s  allowed to  r i s e  ). The product was then  
poured in  portions in to  a flasK  contain ing  ic e , the 
benzene layer separa ted , washed w ith  aqueous sodium 
hydroxide and heated w ith  the same reagent fo r  approx­
imately h a lf  an hour toy means of a m oderately rapid  
current o f steam passed in to  the m ixture. A fter 
separation , the  benzene lay er was washed in  tu rn  w ith  
d ilu te  hydrochloric ac id , w ater, and f in a l ly  d ried  
over calcium c h lo rid e , a f te r  which i t  was fra c tio n a te d , 
when the benzene was co llec ted  sep a ra te ly . The whole- 
o t  the d i s t i l l a t e  except the benzene was re  fra c tio n a ted  
over sodium u n t i l  the tertiary-toutyl-toenzene had a 
between 164° and 170°. I t  was found th a t i f  the  
te r t ia ry /
te r  1 1 a r y-butyl-benzene were fra c tio n a te d  aver sodium 
immediately a f te r  the benzene had been removed, the 
y ields were considerably  decreased. Erom 1620 grams 
iso - and te r t la ry -b u ty l  c h lo rid e s , includ ing  450 grams 
te r t ia ry -b u ty l  ch loride (Kahlbaum), 624.5 grams t e r t -  
iary-buty 1-benzene were ob ta ined , rep resen tin g  a y ie ld  
of 27 per cent.
flfo-te- QXL préparation»
The course o f the re a c tio n  depends to a la rg e  
extent on the q u a lity  of the  aluminium chloride em­
ployed and much more s a t is fa c to ry  y ie ld s  were obtained 
when white anhydrous aluminium ch loride  was used. 
.Anhydrous aluminium chloride is  u sua lly  yellow owing 
to the presence o f ch lo rid es  of iro n , su lphur, e t c . ,  
(vide Watts’ D ictionary o f Chemistry, London,1888,
v o l .I ,  p. 144), and i t  appears as i f  the ch lo rides of 
as
iron  a c t /a d d i t io n a l  c a ta ly s ts  In  the F ried e l-C ra ft 
reaction  causing the form ation o f fu r th e r  su b s titu te d  
derivatives 3 thus explain ing  the poor y ie ld s  obtained 
in  some of the experim ents. The white aluminium 
chloride gave much c le a re r  d i s t i l l a t i o n  residues which 
c ry s ta llise d  out an cooling as a white 30 lid . This 
readily  c ry s ta ll is e d  from hot alcohol in  p lace s , m.p. 
124 -  125°, and is . impure tr i- te r t ia ry -b u ty l-b e n z e n e  
which is  probably the 1 :2 :3 -d e riv a tiv e  ,m.p. 128°. 
D i-tertiary -bu ty l-benzene malts at 70° . SenkowsKl 




When the reac tio n  mixture from experiments in  which 
white aluminium chloride had been used was poured o:n 
to  ice , there was formed a red s o l id ,  which separated  
from the hanzena lay e r containing the huilc o f the 
te rtla ry -h u ty i-h en zen e . xhls red so lid  on the 
addition of water gave more te rtia ry -h u ty l-h e n zen e .
On the o ther hand when yellow aluminium ch lo ride  was 
used, a red o i l  was formed, from which l i t t l e  t e r t i a r y -  
hutyi-henzane could he iso la te d .
\j/_
V erieyJs method i B i..,iaya . [3] 19,,72) fo r 
lk_he preparation  o f te rtiary -hu ty l-hanz& ne was also 
investigated . Fuming su lphuric  acid (4  p a r ts  hy 
weight ) was added slowly during tn ree  q u a rte rs  of an 
hour to a mixture o f iso -h u ty l alcohol (one p a r t)  and 
henzene (4 p a r ts  ),the re a c tio n  flasfc heing cooled and 
shaken. The re ac tio n  mixture 'was washed w ith w ater, 
and the upper lay e r separated  and d i s t i l l e d ,  d ried  
over calcium chloride and f ra c tio n a te d . The y ie^ id* w
of te rtia ry -bu ty l-henzene  was poor and wnen the 
reaction  was c a rried  out l a t e r  at 50° and 80° , a 
large quantity  o f higher h o ilin g  liq u id  was formed.
% the
Verley d esc rib es /te rtia ry -h u ty l-h en z en e  as
isohutyltoenzene.
: 25 .
■ p-wi t  ro - te r t  i  ar y-but yl-beri z ane.
p—Mitro—te rtia ry -b u ty l-b e n zen e  was prepared 
from tertia ry -bu ty l-benzeneby  the method described by 
Malherbe (B er-,1919,&2,320 ). Concentrated n i t r i c  
acid (D,1.52) was added g radually  to an equal weight 
of the hydrocarbon, the mixture being s t i r r e d  fo r 2 
hours at ordinary tem peratures (compare Malherbe ).
Water was added, when a yellow  o i l  separa ted , which was 
washed with w ater, d ried  over calcium ch lo ride  and 
fractionated  under diminished p re ssu re , using a mod- 
i f  i  cation  of the widmer flask*  (He lv.C&im. Act a , 1924^,7, 
59)* From 351 grams te rtia ry -b u ty l-b e n zen e  (including  
60 grams from an outside source ) 233,5 grams p -n i tro -  
te rtiary -bu ty l-benzene , d i s t i l l i n g  a t 124.5°-129.5°/
10 mm, were ob ta ined , rep resen ting  a y ie ld  of 50 per 
cent*
Senkowski ( l o c . c i t . ,p .2414 ) obtained p -n i tro -  
tertiary -bu ty l-benzene by the n i t r a t io n  of t e r t i a r y -  
butyl-benzene and describes the compound as a so lid  
of m*p, 30°. Malherbe (lo c . c it .p .3 1 9  ) obtained th is  
compound as a l iq u id ,b .p . 265 -267°/757 mm.
Senkowski a c tu a lly  separated  the para-isom er­
i c  from a n i t r a t io n  m ixture, which contained o rtho - 
and para-compounds, andjit may have been th ere fo re  
absolutely fre e  from ortho-compound. I t  was never 
fotrnd possible to repeat h is  observation . Baur (Ber,
1894,27,1610 ) obtained an o i l  by the n i t r a t io n  of
.
te rtia ry -bu ty i-benzene , He did not s ta te  what i t s
probably
com position was, but i t  w as/ch ie fly  p - n i t r o - te r t la r y -  
butyi-benzene *
2 :4- l l n l t r o - t e r t  1 a ry -b u ty l-benzene.
Malherbe 's  method ( as®’.. ,lo c . cit.>p.32i ) v/as 
used Tor the p repara tion  of th is  compound. A mixture 
of n i t r i c  acid (2  p a r ts  by w eight, B ^ u g l)  and con­
centrated su lphuric acid ( 3 p a r ts  ) was added during 
the course of 5 hours to  t e r t  1 ary-huty 1-henzene (one 
p a r t ) maintained a t a tem perature of 60° , the contents 
of the reaction  f la sk  being con stan tly  s t i r r e d  during 
the n i t ra t io n . The product was poured on to ice when 
a yellow o i l  separa ted , which s o l id if ie d  on standing .
( U.B. Malherbe's product only s o l id if ie d  a f te r  the o i l  
had been subjected to a vacuum d i s t i l l a t i o n ) .  The 
so lid  was f i l t e r e d ,  washed ’with water and r e c r y s ta l l i s ­
ed from aqueous alcohol jfrom which the din itro-com - 
pound was obtained as a white c ry s ta l l in e  so lid  becom­
ing brigh t yellow on exposure to  l ig h t .  Both Malherbe 
and Baur describe |it as a yellow c ry s ta l l in e  s o lid .
Prom 300.5 grams t e r t i  ary-butyl-benzene , 269.5 grams 
d in itro -te rtia ry -b u ty l-b en zen e  were ob ta ined , 
representing a y ie ld  of 54 per cen t. I t  had m.p.
61°-62° [Malherbe gives 61 -  62°, Baur( l o c . c i t . ) >6i-63°.]
The dinitro-compound was also  obtained from 
P -n ltro -ta rtia ry -b u ty l-b en zan e , prepared as above, by 
heating the w ell s t i r r e d  p -n it  ̂ ■•compound a t 60°fo r  
2 to 4 hours (depending on the q u a lity  o f the p -n i tro -  
derivative ) w ith an equal weight of n i t r i c  acid (1 ,1 .5 1 ) .
86.
P  7I «
2-N itro- 4-am lno-te r t  lar.y -bu ty l-benzene.
Pinely divided 2 :4 -d in itro -te rtia ry -b u ty 1 -b en zen e
(20 grains ) was added to a mixture; o í  e th y l alcohol
(76 c .c . ) and ammonia (D ,0.880, 10 c .c .  ) and hydrogen
sulphide passed in to  tne mixture fo r  one hourj the
reaction n a s i  was occasionally  a g ita te d . The
mixture was then heated on the steam hath  fo r a few
minutes, cooled, and the process repeated . To the
reaction mixture an excess of w ater was added, when
the nitro-emino-compoundjprecipitated as a yellow so lid
and mixed with su lphur, formed during the reduction ,
was f i l t e r e d ,  washed w ith water and heated under a
reflux condenser w ith an excess of hydrochloric acid
(D,1,Q5) fo r 5 m inutes. The so lu tio n  was f i l te r e d
from sulphur, the f i l t r a t e  cooled -until hydrochloride
commenced to c r y s ta l l i s e  out »when an excess of ammonia
(1,0,880) was immediately added. The nitroam ine
separated as an o i l ,  which rap id ly  s o l id if ie d ,  and was
f ilte re d  o f f , washed w ith w ater and pressed on a porous
t i l e .  The small amount of t a r  formed during the
reduction was elim inated by e f f ic ie n t  treatm ent on the
porous t i l e ,  in  th is  way 185.5 grams 2 -n it ro-4-amino-
tertiary -bu ty l-benzene were obtained from 302.5 grgps
d in ltro - te r t ia ry - ’outyl-henze.ne, rep resen tin g  a y ie ld
of 11 per cent. 2-n i t ro -4 -am in o -te rtia ry -b u ty l-
benzena; c ry s ta l l is e s  from aqueous alcohol as p la te s ,
from p e tro l e ther as needles o f m.p. 54.5°-55.5*
Pound: n, 14,2 cio iil4°2N2 re<lu lre s  1 1 1 14.4 per cen t.
I t /
I t  gives a hydrochloride,m .p. 209.5 -210.5  .
2-Ni tro-4~aeet am ino-terti ary-butyl-benzene 
was prepared 'ey gen tly  b o ilin g  the corresponding amine- 
compound w O h  a c e tic  anhydride lo r  5 m inutes. Tiie 
acetam ino-derivative was p re c ip ita te d  "by adding water 
wiien cold, f i l t e r e d  and washed with -water. . I t  
c ry s ta llis e d  from aqueous alcohol in  co lo u rless  
needles m.p. 110° -  112 .
o -U itro - te r ti  ary-butyl-benzene.
I t  was not found possib le  to prepare o -n i tro -  
te rtia ry -bu ty l-benzene  by d ire c t n i t r a t io n  o f the hydro-
7̂'carbon, although SenKcwsKi ( l o c .c i t .  )was successfu l 
in separating both the o rtho- and the p a ra -d e riv a tiv e  3 
from a n i t r a t io n  mixture of the two isoraerides,, the 
former being an o i l ,  b .p . 247.4°- 248.4°/757.8 mm.
o-lT itro -tertiary -rbu ty  1-benzene was s a t i s f a c t ­
o rily  obtained by e lim ina tion  of the amino-group from
2- ni t  r  o- 4- ami no-1 e r  t  i  ary-bu ty  1-b e nze ne. 2-ni t  r  o- 
4 -am ino-tertia ry -bu ty l benzene (one p a rt by w eight) 
was d iazo tised  in  presence of absolute alcohol (3 
P arts) and concentrated su lphuric  acid  (3 p a r ts ) .
After add ition  of the su lphuric acid to the a lcoho lic  
solution of the n itroam ine, the mixture'was cooled 
to 0°, when the sulphate c ry s ta ll is e d  o u t. An excess 
of a sa tu ra ted  so lu tio n  of sodium n i t r i t e  was slowly 
added, the re ac tio n  mixture: being v igorously  s t i r r e d ,  
and I ,
o -H itro - te r t i  ary-butyl-benzene could not Vb.es 
obtained by n i t r a t io n  of p -am in o te rtia ry -b u ty l- 
benzene (v ide p. 35 )in presence o f su lphuric acid 
and subsequent e lim in a tio n  of the  amlno-group,
(compare R e illy  and Hichinbottom, J . C.S. ,1920,117,115 ).
andjthe temperature m aintained approxim ately at 0°.
The diazo-compound was decomposed on the steam Path, 
and the product ste-am d i s t i l l e d .  The nitro-campound 
was extracted  from the d i s t i l l a t e  w ith  e th e r ,  and the 
ethereal ex trac t washed In tu rn  w ith aqueous sodium 
hydroxide, w ater, and d ried  over sodium su lphate .
After d i s t i l l in g  o ff  the e th e r , the  o -n i t  r o - te r t ia r y -  
Putyl-Penzene was d i s t i l l e d  under reduced p ressu re , 
when the liq u id  d i s t i l l i n g  at 113°/lO mm. -  115°/lO mm. 
was co llec ted . I t  had P .p . 25Q, 5°/7'65 mm. Eighty 
grams o -n itro -te rtia ry -P u ty l-P e n zen e  were obtained 
from 162.5  grams 2 -n lt  rCo-4-amino-t er.tiary-Puty1-Penzene, 
representing a y ie ld  of 54 p e r cen t. The n i tro ­
compound is  a yellow , p e c u lia r ly  sm elling o i l .
Attempts were made to  ox id ise  the o i l  to  
o-nitro-P.enzolc acid , using  n i t r i c  acid o f various 
strengths, w ith unsuccessfu l r e s u l t s .  The d if f ic u l ty  
of oxidation of such compounds has Peen rem aned 
upon Py Seiilowslci ( l o c .c i t .  ) and a lso  MalherPe 
(lefc.cit. ) and only the l a t t e r  was successfu l in  
oxidising the p-nitro-compound to p~nitro~Penzoic 
acid (compare in tro d u c tio n  p. 7 ).
o_-Amt.no- 1 ez?ti arv-put vl-Pe nzene /
89 .
o-A m ino-tertiary-butyl-benzene.
o -N itro -te rtia ry -b u ty l-b en zen e  was reduced, 
to the corresponding aiaino-derivative by means of 
iron f i l in g s  and g la c ia l  a c e tic  acid  in  the apparatus 
shown below.
30.
Fine iron  f i l in g s  ( i s  grams) were mixed with
i s  c . c . /
15 c .c . water and the mixture slowly s t i r r e d  in  the 
flask  A, which was gen tly  heated , whilalr 1 c .c . g la c ia l  
acetic acid and 0.3 c .c . o -n it  ro -te rtia ry -b u ty l-b en z en e  
were added from the dropping funnel b. The contents 
of the f la sk  were heated to  90°, and a t th i s  temper­
ature 10 grams o-nitro-compound were slowly added from 
B, an operation which occupied approximately 3 hours. 
The reaction  mixture was w ell s t i r r e d  during and a f te r  
the addition, and the  re a c tio n  was completed in  
approximately 2 hours, when no odour of nitro-compound 
was p ercep tib le . The amine, so. ob ta ined , was steam 
d is t i l le d , ex trac ted  w ith  e th e r ,  d isso lved  in  d ilu te  
hydrochloric acid and unchanged nitro-compound e x tra c t­
ed twice w ith e th e r . The amine was p re c ip ita te d  
from the hydrochloric acid  so lu tio n  on ad d itio n  of an 
excess of ammonia (D ,0.880) and ex trac ted  w ith  e th e r . 
The ethereal so lu tio n  was washed w ith  w ate r, d ried  
over sodium sulphate and a f te r  evaporation  away of 
the e ther, the amine was d i s t i l l e d  under reduced 
pressure', and had p .p . 102° / io mm.Fiftygrams were 
obtained from 80 grams o f o- n i t  r o - t e r t  ia iy -b u ty l-  
benzene, represen ting  a y ie ld  o f 75 per c e n t. The 
amine is  a co lou rless  liquid» very v o la t i le  in  steam, 
becoming red on exposure to a i r ,  when a sm all q u an tity  
of colourless c ry s ta l« , probably carbonate , separated»
( compare Senkowski l o c .^ l t t } f .  R efractive  Index 1.5451 
at 16, 5° fo r ordinary l ig h t .  
o-Acetamino /
31.
o—Ac et ami no-te r  t  ia ry -bu ty l-be  nze ne was 
prepared in  the same way as the 2 -n itro -4 -acetam ino- 
deriv a tiv e . I t  re c ry s ta l l is e d  from benzene in  p r i s -
,V>
matic neexlies and had m.p. I6 i°-162° Serikowsici ( ib id ,
2416 ) gives 159°.
o -lodo-tertlarv -bu t.y l-benzene.
D ilute su lphuric acid (60 c .c . ,D ,1.12 ) was 
added to o -am ino-tartia ry -bu ty l-benzene (5 .5  grams).
This was w ell s t i r r e d  during the add ition  to ensure the 
formation of a f in e ly  divided p re c ip ita te  of th e  amine 
sulphate, to f a c i l i t a t e  d i a z o tisa tio n , which was e f fe c t­
ed by means o f a so lu tio n  of 5 grams sodium n i t r i t e  in  
10 c .c , water* A fter th i s  opera tion  a so lu tio n  
containing 15 grams potassium  iodide in  25 c .c .  w ater 
was added. This was a d i f f i c u l t  experiment to  hring 
to a successfu l conclusion, and i t  was found, th a t 
during the add itions of sodium n i t r i t e  and potassium 
iodide, ver.v vigorous s t i r r in g  was e s s s e n t ia l ,  w h ils t 
the mixture was cooled to -1 0 ° , at which tem perature, 
i t  was found necessary to  ca rry  out the opera tion ,
as the diazonium sulphate i s  very unstab le  and begins
*
to decompose at about -8* . i t  was also found advantage­
ous to add the potassium  iodide ra p id ly . The amine 
and diazonium sulphates are very in so lu b le , a fa c t 
which rendered d ia z o tis a tio n  extremely, d i f f i c u l t .  A fter 
the addition  of potassium iod ide , the re a c tio n  mixture 
was allowed to  reach ordinary  tem peratures, and a f te r
^This in s ta b i l i ty  o f the diazonium compound is  
p a ra lle le d  in  the  corresponding toluene d e r iv a tiv e , 
since o-to ly l-d iazonium  chloride is  a very unstab le  
compound, as compared w ith  i t s  para-isom eride.
an/
an Hour, when the diazonium iodide dad almost com pletely 
decomposed, decomposition was completedby heating  on 
the steam ‘Hath. A dark coloured o i l  separa ted . To 
t j i i s  a lk a li  was added to remove fre e  iodine and the 
compound d i s t i l l e d  over in  steam. Tne d i s t i l l a t e  
was ex trac ted  w ith e th e r , and the e th e re a l so lu tio n  
washed in  tu rn  w ith ( a )  aqueous sodium hydroxide to  
remove phenol, (b )  w ater, ( c )  d ilu te  hydrochloric acid 
to remove unch^jged base , (d )  again w ith  w ate r, and 
f in a lly  dried  over sodium su lp h a te . A fter evaporation 
away of the e th e r , the iodo-compound was d i s t i l l e d  
in  vacuo, using a m odification  of the Widmer f la s k .
I t  had h .p . 115°/lQ mm. -  118°/lo mm. Sound: 1,48.3 
cl0Iil3 I s q u i r e s  i ,  48.8 per cen t, in  th is  way 9 
grams o -iodo -te rtia ry -b u ty l-b en zen e  were obtained 
from 39 grams o -am ino -te rtia ry -bu ty l-benzene , rep res­
enting a y ie ld  o f 13 per cen t. In ad d itio n , a l iq u id  
(2.5 grams), which d i s t i l l e d  att 99°/l0  mm -  103°/lO mm. 
and contained 20.6 per cent of iodine (obviously the 
iodo-cpmpq,und was present ), was also obtained.
Immediately before the ad d itio n  of potassium iod ide , 
a dark coloured p la s t ic  substance was rap id ly  formed.
I t  was found, th a t  an one occasion, when the form ation 
of th is  product did not occur, no low -boiling-po in t 
frac tion  was ob tained . This substance d id  not appear 
to contain te r tia ry -b u ty l-b e n z e n e , but was in su ff ic ie n t 
for fu r th e r  in v e s tig a tio n , and hence no conclusion 
could be arrived  a t ,  as to the cause o f i t s  appearance.
When/
When d ia z o tis a tio n  was performed in  more 
d ilu te so lu tio n , the  diazonlum sulphate was s l ig h t ly  
more s ta p le , Put d ia z o tis a tio n  was not so s a t is fa c to ry . 
The y ie ld  of the iodo-compound was not increased , when 
the temperature was allowed to r ise  a f te r  d ia z o tis a tio n  
and excess n itro u s  acid removed from the m ixture, w ith  
urea.
m- Io do-1 e r  t  i  ary-Pu t  yl-Pe nzene.
34.
m r-lodo-tertiary-Putyl-Penzene was oPtained 
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^ A m l n o - t e r t l a r v - b u t y l - b e n z e n e .
p-A m lno-tertiary-butyl-benzene was obtained 
by reduction or the p-nitro-compound w ith .iro n  and 
concentrated hydrochloric ac id . The method was 
sim ilar to th a t described Tor the p rep ara tio n  or the 
or tho -i some r id e . ATter steam d i s t i l l a t i o n ,  the amine 
was ex tracted  w ith e th e r  and the e th e re a l so lu tio n  
dried over sodium su lphate . ATter evaporation  away 
or the e th e r , the amine was d i s t i l l e d ,  when I t  had 
b.p. 238° (Malherbe, l o c .c i t .  ,p .322 g ives 238°-240> ). 
In th is  way 106 grams p -am ino -te rtia ry -bu ty  1-benzene 
were obtained rrom 169 grams p -n i t ro - te r t ia ry -b u ty l-  
benzene, represen ting  a y ie ld  o r 75 per cen t. The 
amine was acety la ted  (vide below), the acetamino- 
compound p p rir ie d  by r e c ry s ta l l is a t io n  rrom alcohol, 
hydrolysed, and thus the amine was obtained qu ite  
pure.
p-Acet ami n o -te r t i  ar.v-butvl-benzane.
The heating or p-am ino-tertiary -bu ty l-benzene 
under a re riu x  condenser w ith  g la c ia l  a c e tic  acid and 
a small q u an tity  or anhydrous zinc ch lo ride  ro r  two 
hours was round to be unsat is ra c to ry  ro r the p repara t­
ion or i t s  ace ty l* d e riv a tiv e .
The method Ind icated  by Malherbe ( io c * c ity )  
was employed. Excess ace tic  anhydride was added to 
P -am ino-tertiary-buty l-benzene, when the a c e ty l ' 




which was f i l te re d «  washed w ith  a c e tic  anhydride, 
pressed on a porous t i l e  and r e c ry s ta l l is e d  from 
alcohol. I t  had m.p. 169° CMalherbe gives 169°-170; 
seiifcowsKi ( l o c . c i t . , p .2417 ) 172°]. in  th is  way 92 
grams p-acetam ino-tertiary -bu ty l-benzane were obtained 
from 106 grams p -am ino -te rtla ry -bu ty l-benzene , rep res­
enting a y ie ld  of 68 per ce n t.
3-U itro-4-acet amino-t e r t l  arv-'out.vl-benzene.
p-Ace t  ami no-1 e r t  i  ary -bu ty l-be  nze ne (one p a rt 
by weight ) was c a re fu lly  added to  a w ell s t i r r e d  mix­
ture of n i t r i c  acid (D -,1 . 52 , 2 p a r ts )  and n i t r ic  
acid (m ,1 .4Q ; 2 p a r ts ) .  The tem perature was allowed 
to rise  to , andmaintained a t 35°- 40°. The product 
was allowed to  stand fo r  a sh o rt time and then poured 
into a large excess of w ater, when tfche 3 -n itro -4 -  
acet amino-compound was p re c ip ita te d . The p re c ip ita te  
was f i l t e r e d ,  washed w ith w ater and d ried  on a porous 
t i l e .
The method was u n sa tis fa c to ry  when n i t r i c  acid 
(4 p a r ts ;d ,1.52 ) was used , owing to  ta r r in g .
3- ifitro - 4- ami no-te rtiarv -bu t.v  1-benzene.
A sa tu ra ted  aqueeua so lu tio n  of 17 grams 
Potassium hydroxide was added to a hot sa tu ra ted  
alcoholic so lu tio n  of 36 grams 3-n itro-4-acetam ino- 
t e r t l  ary-but y l-be nzene. heat was evolved and the
reaction  was completed by b o ilin g  u n t i l  the odour of 
ammonia was p e rc e p tib le . The darX red liq u id  obtained 





brown-yellow p re c ip ita te  lorried , wee f i l t e r e d ,  washed 
witii water and dried  on a, porous tile* . Twenty-four 
grains 3-nitro-4r-am ino-te:rtiary-'butyl“ toenzene were 
a tta in ed , rep resen ting  a y ie ld  of 81 pen cen t. 
m -N itro -tertiary -bu ty l-benzene.
m -M tro -te r tia ry - tu ty l- te n z e n e  was obtained 
from 3-rd tro -d -am ln o -te rtla ry -b u ty  1-benzene "by 
elim ination of the amlno-group, as described  in the 
preparation of o -n ltro -te r tia iy -b u ty l-b e n z jsn e . The 
m -n itro -derivative d i s t i l l e d  at 93°-122°/s mm. The 
liqu id  was obviously Impure, but i t  was found th a t on 
reduction, a pure sample of the amine could be ob ta in ­
ed, 12 grams m -n itro -te rtia ry -b u ty l-b en zen e  warec 
■
attained  from 24. grams 3 -rd tro -4 ^am in o -te rtia ry -b u ty i-
.
benzene.
m-Aml no~t er 11 a rv - tu t .v l- te  nzene.
m -A m ino-tertiary-butyl-benzene was a tta in e d  
from nnn itro -tertla ry -bu ty1 -benzene which was reduced 
by iron  f i l in g s  and a sm all q uan tity  of concentrated 
hydrochloric ac id , as described in  the p rep ara tio n  of 
the p-am lno-derivat iv e . Six grains m-amino-t efvtiary- 
tu ty i-benzene, d i s t i l l i n g  a t 107°— lQ 8 ° / 9  mm., were 
obtained from 12 grams, m -nitro-tertig iry-butyl-benzene* 
The amine was p u rif ie d  by ac e ty la tio n  and hydrolysis
of tbe acetamino-compound so. obtained. A cety lation
■
was effec ted  in  a way »sim ilar to th a t .by which the 
s-n itro-4~aeetam lno-dcrivatlve was prepared, 
m-/
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nHAGBtamino-tertlary-butyl~benzene was re c ry s ta l l is e d  
from aqueous a lcoho l, when I t  hah m..p. 97°“  99°.
[rTfli7.er* (  Be r... 1888.2 1 .2949 ) gives, 101° ] .  Pour grams 
of the D>-acetaffilno“ derlvat ive were obtalned from 6 
grams of the corresponding amine*
The m- ace t  ami no-compound was hydrolysed by 
heating w ith a mixture, of equal volumes (4  c .c .  ) o f 
ethyl alcohol and concentrated hydrochloric acid fo r 
3  hours* The pure amine (2 grams ) was obtained 
from i t s  hydrochloride so formed, by the add ition  of 
an excess of aqueous sodium hydroxide. 
m—Iodo-tert i  ary-butyl-benzene.
nnlodo-tertiary^buty l-benzene was obtained 
from the m-amlno-derivat iv©' by a method, s im ila r to 
that by,which the o rth o -d e riv a tiv e  was prepared.
During the gradual add ition  of sodium n i t r i t e  ¿followed 
by potassium io d id e , the tem perature was maintained 
only below 10° and vigorous s t i r r in g  was not e s s e n t i a l  
(compare the - p réparât ion of the ortho isom eride.
One and a half, grams of m-iodo-compound were obtained 
from 2 grams m -am ino-tertiary-buty  1-benzene, rep resen t­
ing a y ie ld  of 45 per cen t.
mr- Iodo-t e r t  iary-butyl-benzene i s  a reddishr- 
co loured l iq u id . I t  had b..p. 106*- 108° /9  mm.
Found: I ,  48.4.C10% 3l req u ires  1 ,48.8 per cen t.
^Thls compound is  described by Geizer as an 
isobutyi-benzene d e r iv a tiv e , but i s  in  r e a l i ty  
m-acet amino-1 e r t  i  ary-buty l-benzene.
p~lo d o - te r t i  ar.v-fcut.vi-fce nzene.
p-Acetam ino-tertiary-fcutyl-fcenzene (20 grams ) 
was fcydrolysed. in  trie same way asfwas tfce corresponding 
meta-compound. Eleven grams of pure: amine were tfcns 
attained«
p-Iodo-ter.tiary-fcutyl-fcenzene was obtained 
from tfceamine fcy tfce metfcod employed in  tfce p repara t­
ion, of tfce me t a - i  some rifle . Tfce iodo-compound d is­
t i l l e d  a t 1 1 5 * 1 1 $ .5 ° / 9 (compare W illgerodt and
Rampacfcer, Bar«,, 1901 ,£&, 36 69; Pafcl, Be r  . ,  1884 ,¿2., 1233;  
BoedtXar ,B1,1906, [3] ,3§,832 }• Seven grams p-lodo- 
tertlary-fcutyl-fcenzene were ofctained,representing  a 
y ield  of 3V per cen t.
m-Tertlarv—fcutvl-fcenzyl-fcromide.
m-Tertl ary-fcutyl-fcenzyl-fcromiae was prepared 
fcy tfce fcromlnatlon or m -ter.tiary-fcuty l-to luene, in  tu rn  
attained  fcy tfce metfcod o u tlined  fcy Baur ( B erv ,ia9 i,2 4 , 
2832), in  a manner.,similar to. tfcat fcy wfcicfc t e r t i a r y -  
tu ty i-tenzene was prepared from is o -  and t e r t i a r y -  
tu ty l-c fc lo rides, tfce tem perature of tfce reac tio n  fceing 
samewfcat fcighar tfcan in  tfce l a t t e r  case., Tfce same 
q u an titie s  of tfce reagents were employed; toluene fceing 
substitu ted  fo r  fcenzena. Tfce y ie ld  o f  m -te r tia ry -  
tu ty i-to luene  was poor.
I t  i s  remarkable, tfcat in  tfce reaction ,, tfce 
uetfcyi-group d ire c ts  tfce en tering  te rtia iy -fcu ty l-g roup  
into I
Pafcl describes tfce iodo-compound as a 
deriva tive ' o f isofcutyl-fcenzene«
39 .
into the m eta-position , since when su lphuric  acid was 
used as condensing agent, the te r tia ry -b u ty l-g ro u p  
entered the p a ra -p o s itio n . By ox id ising  the butyl- 
toluene w ith chromic ac id , Baur obtained iso p h th a lic  
acid, which proved th a t  the hydrocarbon belonged 
to the m e ta -se rie s .
An attem pt was there fo re  made to prepare 
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3“Bromo-4-amlno-toluene ( i v ) was prepared by the 
method given in  organic Syntheses,pew Yorh 1926,v o l.V I, 
£.8» p-Toluidine ( I )  was converted in to  i t s  acetamlno- 
derivatfjLve ( I I  ), which with an excess of bromine gave 
3-brom.o~4-acetamino-toluene ( i l l ), and th is , on 
hydrolysis y ie lded  3-bromo-4~amlno-toluene ( IV )• 
ifc-Bromo t  o luene/
41 .
m-Bromo-toluene (v )  was obtained by the e lim ina tion  
oi the amlno-group from IV by d ia z o tis a tio n  In. 
presence of concentrated su lphuric acid  and alcohol., 
and decomposition of the re su ltin g  d iazo- compound w ith  
copper powder. The product, was steam d i s t i l l e d  and 
the o i l  obtained separated  when i t  was washed in  tu rn  
with aqueous sodium hydroxide, w a te r,; concentrated 
sulphuric acid and sodium carbonate, d ried  over ca l­
cium ch loride  and fra c tio n a te d . (Bigelow, Johnson 
and Sandborn, Organic Syntheses,, new. YorX 1926,vol.VX, 
p. 16).
T ertia ry -b u ty l-a lco h o l (V I) was prepared by the 
action of acetone on magnesium meth^Lodide.. (Vanina, 
Praparative Chemie ,. S tu ttg a r t 1923 ,yoi* ll ,5 . 2*6 ).
MetjDyl iodide' was added slowly to magnesium f i l in g s  
and ether*. When the reac tio n  was complete, a mixture 
of acetone and e th er was added and the whole heated 
under a re f lu x  condenser fo r h a lf  an hour. The pro- 
duct was cooled, decomposed by the ad d itio n  of ice  , 
ac id ified  with d ilu te  su lphuric ac id , and the v o la t i le  
liquid  d i s t i l l e d .  The d i s t i l l a t e  was subjected to 
the action  o f  potassium hydroxide and the t e r t i a r y -  
butyl-alcohol so formed, was separated by d i s t i l l a t i o n
The' alcohol was then sa tu ra ted  w ith  hydro-.
bromic ac id , when te rtia ry -b u ty l-b ro m id e  (V II) was 
obtained. The bromides was washed in  tu rn  w ith w ater, 
sodium I
sodium carbonate and w ater, d ried  over potassium 
carbonate? and fra c tio n a ted  over phosphorus pent oxide»
(comp are Perki n , J . p r . Chem», 1885, [&} ,31,498.)»
m -T ertlary-bu ty l-to luene (V III). could not be
rrj-kxTarpo
atta ined  by the ac tio n  of, bromo1 -m-toluene; on tertia ry^- 
butyl-bromide in  presence o i magnesium.
A sample of m -te rtia ry -b u ty  1 - t o luene, ob tain­
ed from Schuchardt ( G orlitzJ, was brominated a t i t s  
to ilin g  point by bromine vapour, in  the apparatus 
shown». Tiie bromine ( 27 grams )
was contained in  tiie f la sk  A,, and a cu rren t of dry 
a ir ,, conducted through i t ,  c a rried  the vapour through 
the to luene (20 grams ) contained in  P. Hydrogen 
bromide w as evolved. The reac tio n  f la sk  B was 
f i t te d  w ith an i n l e t ‘tube fo r the bromine, and con­
denser, in  tu rn  f i t t e d  w ith a calcium ch lo ride  tube» 
The benzyl bromide* so. formed,was bo iled  w ith formic 
acid ( 100$ ) ro r  25 minutea t a  remove d i— or trlbrom o- 
derivative  and when cold th e  bromide; was separated , 
washed in  tu rn  w ith  w ater, sodium carbonate and 
f in a lly /
4 3 .
f in a lly  ex trac ted  w ith  e th e r . The e th e re a l lay e r 
was shalen w ith sodium b isu lp h ite  to remove aldehyde. 
After evaporation away of the  e th e r , a benzene so lu t­
ion of the impure bromide1 was sa tu ra ted  w ith hydrogen 
fcramidejpo convert any benzyl alcohol to  bromide..
The: benzene so lu tio n  was d ried  over calcium  ch lo rid e  
in  an atmosphere of. hydrogen bromide, the benzene1 
d is t i l le d  away and th e  bromide fra c tio n a te d  under! 
reduced p re ssu re , using a m odification  of the widmer 
flas&. The p o rtio n  d i s t i l l i n g  a t 124°— 126° /13 mm. , 
did not. c r y s ta l l i s e  a t - 1 .8° , and a t -190° i t  s o lid if id d  
to a g la s s , which was allowed to become sem i-solid  and 
the liq u id  decanted, w ith  a. view to  ob tain ing  a  p a r t­
ia l  p u r if ic a tio n . A fter th is  operafctoifi th e  s o l id ,  
when molten once more, was found to  be impure. The
Ipercentage1 of. hydroysable bromine was low, probably
A
owing to the.' d i f f ic u l ty  o f converting the la s t  tra c e  
of alcohol (formed during p u r if ic a t io n )  b a d  in to  
bromide*. The- impure benzyl bromide was there fo re1 
gently heated w ith a s lig h t excess of, phosphorus 
pent abroad de and the re a c tio n  m ixture allowed, to  stand 
over n ig h t- Hydrogen bromide was evolved. The 
product, was decanted from phosphorus pentabromide and 
fractionated  under reduced p ressu re , using a  modifi­
cation  of the  Widmer f l a s l .  A fter a  la rge  number o f 
d is t i l la t io n s ,  the main fra c tio n  had b.p.. 115 . 5° /8 mm*, 
and d id  not. contain  phosphorus?th a t is , compounds of 
the/
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tOe type R. CHgO.PBTgC compare Boyd, ana C O ig n e lljJ .c .S .» 
1933.123,8 ig ) were absent. Bound: Oydrolysatole Br, 
34%6 . CiiE1&Br requ ires  Br, 35.25 per oent® In 
tOia way 7 grains m~ te  r t  iary-tontyi-toenzy l-bromide were 
obtained from 8a grams m ^tertla ry -tou ty l-to luene , 
representing a y ie ld  of 5, per cen t. The lo s s  of 
m aterial was due to toe g re a t precautionstaO en^to 
ensure: a pure sample' toeing a tta in e d .
TOe toenzyl-toromide i s  a co lo u rless  non- 
lacOrimatCRry liq u id .
p- le r t  i  arv-toutvl-toenzvl-toromide.
p—lertiary-toatyl-itoenzylsitorcfmide was obtained 
toy/brominatlon of tee p -te r tia ry -to u ty l- to lu en e . 
p—len t 1 ary-to.ut.vl-to lue ne.
p-T ertiary-tou ty l-to luene was prepared toy 
Verley's metOod C Bl%.,1898, [ g ] , IS ,67). Burning
. v/OS
suipnuric acid (4  p a r ts  toy w e ig n t) added in  small
qu an titie s  t a  a con tinually  s t i r r e d  m ix tu re  of 
laotoutyl alcoOol (one p a rt ) and toluene' (4  p a r ts  ) 
during the course of an Oour. Considerable Oeat was 
developed, e sp e c ia lly  towards toe end o f toe re ac tio n . 
To tOe reac tio n  mixture w ater was added and toe wOole 
allowed to  cool. TOe liq u id  consisting  of two lay ers  
was decanted iro n  toe s o lid , probably toluene p-sulpO- 
Q-nlc; acid wOich c ry s ta l l is e d  out a t tO is s tag e , and to 
wOieO water was added® Two layers  separated  and 
were/
were added to the main l iq u id , from which the l ig h te r  
layer was co lle c ted  and th en  d i s t i l l e d .  The d i s t i l l -  
ate  was fra c tio n a ted  and the fra c tio n  d i s t i l l i n g  
betCween 190° and 193° was co llec ted  sep a ra te ly , in  
th is  way 144 grams p - te r tia ry -d u ty l- to lu e n e  were 
obtained from 250 grams iso  Duty1 a lco h o l, rep resen ting  
a y ie ld  of 29 per cen t. 
p-1 e r t 1 ary-but.v 1-be nz y 1-b romlde
Sixty-nine grams of p - te r tla ry -b u ty l- to lu e n e  
were brominated by the method ind ica ted  by Va-rley,
( lo c .c i t .  ,p .6 8 ). Bromine ( 69 grams ) was slowly added 
to. the bu ty l-to luene  at a tem perature of 115°. The 
reaction f la s x  was f i t t e d  w ith a dropping funnel and 
condenser, in  tu rn  f i t t e d  w ith  a calcium chloride
Qnd
tu b e ,¿ f ille d  w ith g la ss  beads, to minimise escape of 
bromine.. Hydrogen bromide was evolved.. No c ry s ta ls  
separated a f te r  allowing the benzyl bromide formed, to 
stand fo r  a few days a t 10° • The benzyl bromide 
was therefo re  p u r if ie d  in  a manner, s im ila r to th a t 
by which the metar-lso.meride was obtained pure. The 
portion d i s t i l l i n g  a t iafe.5° — 134.5°/15 mm. was coaled 
to -16° and the so lid  so obtained c ry s ta l l is e d  from 
absolute alcohol at -18°. The c ry s ta ls  were immed­
ia te ly  f i l t e r e d  and washed w ith absolute alcohol at 
the same tem perature. iOund: rydro lysable Br, 35.5. 
C11H.lg Br r0'q.u ire s  Er» 35*25. per cen t. In th is  way 11.5 
grama /
4 5 .
grams p -ten tia ry -b n ty l-b en zy l bromide were obtained 
£rom 144. grams, p -te  r t  i  a ry -bu ty l-to luene  , rep resen ting  
a y ie ld  of 5 per cen t. The lo ss  of m a te ria l was 
again due' to the g re a t p recautions taken , to ensure a 
good sample being obtained»
The benzyl-bromide i s  a co lo u rless  liq u id  at 
ordinary tem peratu res,b .p .. 132.5°/14 mm.-, w ith s l ig h t 
lachrimatory p ro p e r tie s -  I t  i s  hygroscopic and 
darkens on standing . The so lid  e ry s ta ll is e s  froTjL 
absolute -alcohol and p e tro l e th e r  at -18° in  colour­
less  p rism atic  need les, m.p. 12°- 13- Verley ( lo c . 
c i t ,  ) does not describe th is  compound fu l ly  and s ta te s  
that i t .  cannot be d i s t i l l e d  w ithout decomposing. He: 
did not o b ta in  i t  in  the c ry s ta ll in e  cond ition .
o~Tertiarv-butvl-benzoic ac id .
An attem pt was made to  ob ta in  o - te r t ia ry -b u ty l  
-benzoic acid from o-b rom o-tertia ry -bu ty l-benzene,. by 
the ac tion  of carbon dioxide on i t s  magnesium double 
compound, and subsequent decomposition of the product*. 
Tertiary-buty 1-benzene was brominated in  presence of 
iodine, w ith a view to ob tain ing  o -b ro m o -te rtia iy -b u ty l- 
benzene, but the parar-compound could only be iso la te d .
olotoirjeA
Ko^ak ( Centr.jl 907. 1 .1787 ) claims to have/a  mixture of 
both Isomer id es .
I t  was not found possib le  to prepare the ortho- 
acid by hydro lysis of the corresponding n i t r l l e ,  as a 
sa tis fac to ry  sample of the l a t t e r  compound could not 
be obtained from the o-am ino-derivat ive by means of 
Sandmeyer's re ac tio n . h ia z o tis a tio n  was ca rrieh  
out I
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out in  d ilu te  Hydrochloric acid so lu tio n , and again 
the opera tion  proved to toe d i f f i c u l t ., as the diazonium 
-compound decomposed rap id ly  at 0°. . The d ia z o tis a t-  
ion was there fo re  ca rz ried  out at-lG° and vigorous 
s t ir r in g  re so rted  to«
The acid was f in a l ly  obtained toy the ac tion  
of cartoon dioxide on the do.utole compound formed toy 
the ac tion  of magnesium on o -io d o -te r tia ry -to u ty l-  
toenzene... Two grams a-iodo-tertia ry -tou ty l-benzene 
were dissolved in  dry e th e r (8  c .c . ) and magnesium 
(0.18 gram ) along w ith a c ry s ta l  of iodine added.
The reac tio n  f la s h  was f i t t e d  w ith a condenser,, in  
turn f i t t e d  w ith  a calcium chloride tutoe. A reac tio n  
commenced a f te r  s l ig h t  warning of the f la s h , and con­
tinued at ord inary  tem peratures. I t  was completed on 
the st2%an*-toath, and cartoon dioxide was passed in to  th e  
viscous re a c tio n  m ixture, cooled in  ic e ,  fo r  4  hours.
( I t was found th a t the use of so lid  cartoon dioxide 
was not so s a t is fa c to ry ) . The y ie ld  was not increased  
toy gently  heating the re ac tio n  f la s h  a f te r  the cartoon 
dioxide had been passed in  fo r  3.5 hours. The 
product was decomposed toy ca re fu l ad d itio n  of ice., 
followed toy d i lu te  hydrochloric ac id . The o rtho - 
acid, so ob tained , was ex trac ted  w ith  e th e r , th e  
ethereal lay e r washed w ith water, and shahen up w ith *
CorjC£r,fi''t>lreJ
sodium carbonate. ^Hydrochloric acid in  excess was 




butyi-benzoic acid  was p re c ip ita te d . The acid  was 
extracted w ith e th e r , and a f te r  evaporation  away of 
the e th e r , was re c ry s ta l l is e d  from hot w ater, when the 
p lates 30 ob tained , had m.p. 67.5*— 68? 0 ,9  gram of
o -te rtia ry -b u ty l-b en zo ic  acid  was obtained from 8 
grams o -io d o -te rtia ry -b iity l-b en zen e , rep resen ting  a 
yield of 16 per ce n t. An ana lysis  of the compound 
resulted  as fo llow s- Found: C, 73,8; h. 7.-8.
C11H14O2 requ ires  C, 74.3;: H, 7.9 per cen t.
mr-Tertiary-butyl~benzoic acid .
T ertia ry -bu ty l-benzo ic  acid was obtained 
by heating jx t-tertiary -bu ty l-benzy l bromide w ith an 
aqueous so lu tio n  of potassium permanganate (4  per c e n t)  
under a re flu x  condenser, u n t i l  the  colour of the 
permanganate had disappeared. Sulphur dioxide was 
passed in to  the reac tio n  p roduct, which was ex trac ted  
with e th er. The e th e rea l lay e r was washed with 
aqueous sodium hydroxide, from which the acid was 
p rec ip ita ted  w ith  d ilu te  hydrochloric ac id . The 
acid was re c ry s ta l l is e d  from b o ilin g  w ater, when the  
white p la te s , so obtained , had m.p. 137°. [Kelbe 
and P fe iffe r  ( Ber. ,1886,19,172s*) give 127°3
A fu r th e r  q u an tity  o f m -te rtia ry -b u ty l-
benzoic I
^The m-i so butyl-benzoic- acid described in  
th is  reference is  re a lly  m -tertia ry -b u ty l-b en zo ic  
acid.
4 9 .
benzoic acid was prepared by the ac tio n  or carbon 
dioxide an the double oompojund formed by the 
action of magnesium on m -brom o-tertiary -bu ty l- 
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m-Brom-terti ary-butyl-benzene was prepared by a 
method s im ila r to th a t used fo r the p rep ara tio n  of 
m-bromo-toluene (vide page 4 0 ). Excess bromine 
was added to a v igorously  s t i r r e d  so lu tio n  or 
E -acetam ino-tertiary-butyl-benzene (10 grams ) in  
g lac ia l a ce tic  ac id , the s t i r r in g  being continued 
for h a ir an hpur a f te r  the l a s t  ad d itio n , which 
was so. regulated  th a t the tem perature was maintained 
at I
50.
at 50°- 560« The re ac tio n  mixture was poured in to  
a large q u an tity  or water containing sodium. b is u l­
phite to remove bromine, wlien 3~b ro mo-4-ace t  amino- 
te r t la ry -b u ty l benzene was p re c ip ita te d  as a white 
so lid , which was i 'i l t e r e d , and washed w ith  w ater.
Alter re c ry s ta l l is in g  from alcoho l, the p la te s ,  so 
formed, had m.p. 156?- 158° ( Geizer , lo c .c i t . . ,  gives 
153° ). S ixteen grams were obtained , from which
*•
8 grams of 3-brom o-4-am ino~tertiary-butyi-benzene
were formed on hydro lysis w ith e th y l alcohol and
concentrated hydrochloric acid . The amine was
diazotised w ith sodium n i t r i t e  (4 grams) in  7 c .c .
water, injpresence of a mixture of e th y l alcohol
(Si c .c . ) and concentrated su lphuric  acid (5 c .c . ). 
the
D uring /d iazo tisation  the tem perature was maintained 
below 10°. Tne diazo-compound was decomposed by 
heating c a re fu lly  w ith copper powder on the steaim-bath 
tne m -brom o-tertiary-butyl-benzene, so iormed, 
purified as described for m-bromo-toluene (page 41 ). 
Four grams were obtained , from which the met a-acid  
was prepared, in  a manner s im ila r /
*This compound i s  described by 
Geizer (Ser.., 1888, S i ,2941 e t  seq. ) as 
the corresponding iso b u ty l-d e riv a tiv e .
51
sim ilar to th a t by which the o rtho -acid  was a tta in e d  
from o-iodo-tertlary-*buty l-benzene. This.method 
leaves no doubt th a t  the c o n s titu tio n  p €  the acid 
so obtained i s  Me^C.CgE^. COOE. i t  i s  id e n tic a l  w ith 
the acid prepared hy the ox idation  or m -te r tia ry -b u ty l-  
benzyl bromide hy potassium permanganate, since' a 
mixture of the  two samples had m.p. 127°.
I t  appeared necessary to prove the  c o n s ti tu t­
ion of the. acid  obtained in  the l a t t e r  case, since 
Kelbe (B er., 1883,16,620) iso la te d  an acid m.p. 9 l° - 
92 from the ac tio n  of d ilu te  n i t r i c  acid  on im-isobutyl- 
toluene • and s ta te d  th a t i t  was e i th e r  m -isobutyl-
benzoic acid or more probably m -to ly l- iso b u ty ric  ac id ,
„ ^  CE 0)
3
6 p n w ^  3 (3)Ui7~ v, th a t is  the methyl-group
CQQE
attCached to  the benzene ring  had not been oxid ised .
Again E ffront (Ber.., 1884.17.2330 ) claim s to have
^ H3 y>obtained m -£olyl-propionic acid CfiE^T
GEg . ^g*  C00HC3)
'X'%'by the ox idation  of m -isobutyl-toluene' w ith d ilu te  
n i t r ic  acid  and g ives i t s  m.p. as. 125° , which i s  
very s im ila r to  th a t o f m -te rtia ry -b u ty l-b en zo lc  acid,, 
h.p, 127.°ît i s  very doubtful,, however, whether the acjd 
obtained by E ffront has the c o n s titu tio n  he suggests, 
and / </■1 '^This i s  in  r e a l i ty  K ^ ten tia ry -b u ty l-to lu en e , 
and h^nce the acid  could not have had the c o n s ti tu t­
ion quoted by Kelbe, but might have had an analogous 
c o n s ti tu tio n ,th a t i s ,  m eto ly l-d irnethyl-acetlc  ac id ,
0̂ 0î  (3 ).COOE
' * * T h i s  i s  r e g a l l y  m - t e r t i a r y - b u t y l - t o l u e n e  a s  b e - f o r e .
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and i t  was proto ably m -te rtia ry -b u ty l-b en zo ic  acid , 
since Kelbe and P fe if fe r  ( l o c .c i t .  ) l a t e r  describe the 
acid, in.p. 127°, re su lt in g  from m -isobutyl-to luene 
(rea lly  m -te rtia ry -b u ty l- to lu en e  ) and d ilu te  n i t r i c  
acid as m -isobutyl-benzoic ac id , th a t i s ,  m -te r tia ry -  
butyl-benzpic acid .
•p-lert 1 arv-toutvl-'oenzo 1c acid .
Tne acid  was prepared by tne ox idation  of 
p -te r tia ry -b u ty l-b en zy l bromide or p - t e r t 1 ary -bu ty l- 
toluene (vide Verley ,lo c . c i t .p .  71). The bromide 
or toluene was neated under a reflux, condenser w itn 
n i t r ic  acid (1 ,1 .2 0 ) fo r  6 hours, when tne acid so 
formed was f i l t e r e d  and d isso lved  in  not aqueous 
sodium hydroxide.. Unchanged benzyl bromide or 
toluene was ex trac ted  away w ith  e th e r  and the  acid 
p rec ip ita ted  from the a lka line  aqueous lay er with 
d ilu te  hydrochloric acid , and p u rif ie d  by means o f ani­
mal charcoal in  b o ilin g  a lcoho l, from which i t  
c ry s ta ll is e s  in  rhombic prisms (compare B ialobrzeski, 
Ber. ,1897,30,1775 ), m.p. 164.5°- 165°. [ Verley gives 
164° ;Keibe and P fe if fe r  ( lo c .c it .* )  164 ;̂ B ialobrzeski 
( lo c .c i t .  ) 164; Pahl (Bffr. , 1884,17,1237*’)161°] . I t  
is  insoluble in  co ld , but sparing ly  soluble in  hot 
water.
The same acid was obtained by the ac tion  o f
carbon /
'̂ ‘The p-isobuty tbenzoic acid described in  th is  
reference i s  re a lly  p-1 e r t  iary-buty1-benzoic 
acid .
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carton dioxide on the magnesium ¡compound or p-bramo- 
t= e rtia ry -b u t yl-benzene (compare the p rep ara tio n  of 
o -te r tia ry -b u  ty l-b en zo ic  a c id ,p .46 ).
o~Bromo~t er t  i  arv-butvl-benzene.
o-Bromo-tertlary*-but yl-benzene was obtained 
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fr"Bromo~4-nl tro ~ t e r t i  arar-but yl-benzene.
2-B rom o-4~nitro-terti aiy-butyl-benzene was
prepared by heating  p - n i t r o - t e r t i  ary-but yl-benzene 
one]molecule
(6 grams,j) w ith  bromine (7 .2  grams, 1 .8  molecules ) in  
presence or r in e ly  divided iro n  ( 1 .2  grams) in  a 
filasic f i t t e d  w ith a condenser, in  tu rn  r i t t e d  w ith a
rcalcium ch loride  tu b e , ro r  7 hours at 90 . [Ferrous 
bromide, used by Scheurelen ( Ann ale n , 1885,231,171) in  
the bromination p-nltro-to luene?, and also an aluminium- 
fflercury couple were round to. be u n sa tis ra c to ry  c a ta ly s ts ]  
Hydrogen/
* It is  in te re s tin g  to note th a t in  the 
bromination or p -n itro - to lu e n e , using iron  as 
c a ta ly s t ,  the operation  may be performed at 70° 
and completed w ith in  5 hours.
5 4 .
Hydrogen bromide was evolved. When co ld , the reac tio n  
product formed a sem i-so lid  mass, which was d i s t i l l e d  
in  a cu rren t of superheated steam. An o i l  d i s t i l l e d  
over, which slowly c ry s ta l l is e d  in  the condenser and 
recelveijto a yellow a l ly  s o lid . The so lid  was f i l t e r ­
ed o f f ,  washed w ith  w ater and pressed w ell on a porous 
t i l e .  I t  c ry s ta l l is e d  from alcohol in  la rg e  co lou rless  
needles, and had m.p. 9^-94° . ¡Found: Br, 30-1. 
C^H^MOgBr req u ires  Br, 51.0 per cen t, In th is  way 
14.5 grams & -£rom o-4-nitro~ tertiafy-buty  1-benzene were 
obtained from 38 grams p -n itro - te r tia ry -b u ty l-b e n z e n e , 
representing a y ie ld  of 27 per cen t. There was how­
ever an o i l  (exilefly unchanged nitro-com pound) 
remaining a f te r  f i l t r a t i o n  o ff  of tne  s o l id ,  Y/nich 
amounted to 26.5 grams. This meant, tn e re fo re , th a t 
only 1 1 . 5, grams p -n ltro ~ te rtia iy -b u ty l-b en zen e  had 
been used and the  y ie ld  of the drama-compound was 
about 88 per cent o f th a t expected.
2-Bromo-4~amlno-t e r t  i  arv-butvl-benzene.
2 -B ro m o -4 -n itro -te rtia ry -b u ty l benzene was 
reduced to  the co rresp o n d in g  am ino-derivative by 
West's method ( J.flf. S. ,1925,127,494). Concentrated 
hydrochloric acid  acid (one c .c .  ) was added to a 
solution of the rCltro-compound (7.5 grams) in  30 c .c . 
alcohol, and the mixture heated under a re flu x  conden­
ser to b o i l in g w h e n  f in e ly  divided iro n  (5 grams) 
was added in  4 p o rtio n s , allowing 5 minutes to elapse 
between/
between each ad d itio n . lu rin g  the ad d itio n  of iro n , 
the r e a c t io n  mixture was boiled  v igorously , to  pre­
vent the iro n  from caking, and the heating  was 
continued fo r  2 hours a f te r  the la s t  ad d itio n . The 
product was f i l t e r e d  from iro n , which, was then washed 
well w ith alcohol and the washings added to the 
f i l t r a t e .  The amine was p re c ip ita te d  by the add itio n  
of water to the f i l t r a t e ,  ex trac ted  w ith e th e r ,th e  
e thereal lay e r wasiCed w ith d ilu te  hydrochloric ac id , 
when the hydrochloride was p re c ip ita te d , which was 
f i l te r e d  o ff and washed w ith  e th e r . The hydrochloride 
was dissolved in  hot d ilu te  hydrochloric acid and the 
base p re c ip ita te d  by the add ition  of an excess of 
ammonia (D,0.880 ). The amino-compound did not 
so lid ify  and was there fo re  ex trac ted  w ith e th e r , the 
e thereal lay e r d ried  over sodium sulphate and a f te r  
evaporation away of the e th e r , the amine d i s t i l l e d  
under reduced p ressu re , when i t  had b .p . 152 . 5 °- 154.&/ 
14 mm. Found: Br, 3 5 .1 .C10H14iiBr req u ires  Br,35.1 
per cen t. I t  is  obtained as a pale yellow liq u id .
In th is  way 5.5 grams 2-bromo~4“ am ino-~tertiary-butyl~ 
benzene were obtained from. 9 grams 2-brQmo-4~nitr3>- 
te rtia ry -b u ty l-b en zen e , rep resen ting  a y ie ld  of 
69 per c en t. The hydrochloride had m.p. 235° (with 
decomposition).
2-Bromo-4~ ace t  amino--1 e r t  i  ary-but y l-benzene 




derivative of 2-n it  ro -4 -ami no-1e r t  i  ary-bu t  yl-benzene.
I t  c ry s ta l l is e d  from aqueous alcohol in  oblong ta b le s  
of m.p. 142°“ 143°
0-Bromo~t er 11 ary-but yi~benze ne «
o-Brom o-terti ary-buty 1-benze ne was prepared 
by the e lim in a tio n  o f the amino-group from 2-bromo-
4-amino*-’tertia ry~ bu ty l-benzene . The method employed 
was s im ila r to  th a t used in  the p r e p a r a t io n  of 
o -n itro -te r tia ry -b u ty l-b en ze n e  from .-the? 2~nltro~4~ 
am ino-derivative. Tne diazonium compound was ra th e r  
unstable and decomposed above -2 ° . In  th is  way,2 .5  
grams o -b rom o-tertia ry -bu t y l-benzene, d i s t i l l i n g  at 
95.5°“ 97.5°/15 mm. , were obtained from 5. grams of 
the bromo-amine, rep resen ting  a y ie ld  o f 54 per cen t. 
Bound;- Br, 38.0. C io^is^r requ ires  Br, 37.6 per cert .
Experiments were f i r s t  c a rried  out at 2 5 ° .  
Approximately 0 .5  grain of the iodo-compound was weighed 
into a t a l l  stoppered measuring cy lin d e r. Six c .c . 
of a so lu tio n  of hydrogen iodide in  g la c ia l  ace tic  
acid, containing 0.40 gram hydrogen iodide per c .c . 
were added, the contents of the cy lin d er were th o r­
oughly mixed, and when the iodo~*compound was complete­
ly in  so lu tio n , the cy linder placed in  a therm ostat 
at 25°•  At s ta te d  in te rv a ls ,  one c .c . o f the mixture 
was withdrawn and run in to  about 100 c .c .  of w ater.
The iodine l ib e ra te d  during the reduction  was t i t r a t e d  
with standard sodium tn io su lp h a te . To elim inate 
the e rro r  in  these experiments due to the l ib e ra t io n  
of iodine by atmospheric ox id a tio n , a blanK experiment 
was performed.. The percentage reduction  was ca l­
culated f.foa the equ a tio n :-
Me C. Ĉ H . I +- HI =5 Me,. C.C,H, +- 1«,3 6 4  3 6 5
The r e s u l t s ,  represen ted  g rap h ica lly  in  F igure I ,
Page 9 , are summarised in  Table I ,  where t  i s  the * 
tlrae in  days, from the commencement of the experiment, 
w the weight of the  iodo-compound talcen in  gram3, and 




R e d u c t i o n  o f  t h e  i s o m e r i c  i o d o - t e r t l a r y - b u t y l - b e n z e n e s .
58.
TABLE I.
0- lo d o -t e iE .t l  a r y -b u t y l -b e n z a n e  p - I o d o - t e  r t i  a r y - b u t y l -  
 ________ _ __ ._________.________ ________________________b e n ze n e .
t w X t w X
2 0 .0 7 9 1 61 2 0 .0 8 0 9 1 1
4 0 .0 7 9 1 76 4 0 .0 8 0 9 19
14 0 .0 7 9 1 86 14 0 .0 8 0 9 35
The me t a - i  some r id e  was q u it e  s ta b le  to w a rd s  
the h y d r i o d i c -a c e t i c  a c id  s o l u t i o n ;  no t r a c e  o f
i
l ib e r a t e d  io d in e  due to-' r e d u c t io n  c o u ld  be d e te c te d .
The re d u c t io n s  o f  th e  io d o-co m p oun ds w ere
■
also c a r r ie d  o u t a t 100°% A s ta n d a rd  s o lu t io n  o f  th e
iodo-com pound was made by d i s s o lv i n g  an a c c u r a t e ly
.
w eighed amount (a p p r o x im a te ly  0 .5  g ra m ) i n  50 c . c .
*
g l a c i a l  a c e t ic  a c id  i n  a g ra d u a te d  1 1 a s h . 1 0  c . c .
|or the  s ta n d a rd  s o lu t io n  o f  th e  io d o -cp m p o u n d  and 
1 0  dj, c* c o n s ta n t b o i l i n g  h y d r io d ic  a c id  w ere m easured 
in to  a 2 5  c . c .  s ta n d a rd  s to p p e re d  H a s h ,  the  c o n te n ts  
made up to  2 5  c . c .  w it h  g l a c i a l  a c e t ic  a c id  and w e l l
m ixed. The f l a s h  was im m ersed i n  a th e rm o s ta t a t
.*•
1 0 0 ° f o r  a d e f i n i t e  p e r io d  o f  t im e ,  a f t e r  w h ic h ,  the
-
c o n te n ts  o f  th e  f l a s h  w ere  d i l u t e d  w i t h  w a t e r ,  and the
fre e  io d in e  t i t r a t e d  w i t h  s ta n d a rd  sodium  t h io s u lp h a t e .
*
The e r r o r  due to  io d in e  l i b e r a t e d  b y  a tm o s p h e ric  
o x id a t io n  was e l im in a te d  by c a r r y in g  o u t a b la n h  
e x p e rim e n t. The p e rc e n ta g e  r e d u c t io n  was c a lc u la t e d  
In  the u s u a l m anner. The r e s u l t s  axe shown g r a p h i c a l l y
I
‘ *A few m in u te s  lo n g e r  tn a n  the  tim e  re c o rd e d  was 
a llo w e d , i n  o r d e r  t h a t  e q u i l ib r a t io n o o a y  be 
e s t a b lis h e d .
i n  F ig u re  I I  page 10 , and a re  sum m arised i n  T a b le  I I ,  
where t  i s  th e  tim e  i n  h o u rs  fro m  th e  commencement o f  
the e x p e rim e n t, w h i l s t  w and x  have th e  same s i g n i f i ­
cance as b e f o r e .
T a b le I I .
o - l o d o - t e r t i a r y -b u t y l - b e n z e n e .
t w X
0 .1 0 2 0 14
3 0 .1 0 2 0 27
6 0 .1 0 2 0 46
lo d o -t e  r t  i  a r y - b u t y l -b e n ze n e p -Io d o - t  e r  t  i  a r y - b u t y l “
b e n ze n e .
t w X t w X
6 0 .1 0 6 1 4 6 0 .1 0 1 5 16
The m e ta - and para -com poun ds w ere a ls o
reduced a t 1 0 0 ° ,  u s in g  a g r e a t e r  c o n c e n t r a t io n  o f
h y d r io d ic  a c id ,  th a t  is  a s t r o n g e r  re d u c in g  a g e n t.
F o u rte e n  c . c .  c o n s t a n t -b o i l in g  h y d r io d ic  a c id  w ere
p la ce d  i n  a 25 c . c .  g ra d u a te d  f l a s k ,  c o n t a in in g  10 c . c .  
the
o r/ s ta n d a rd  s o l u t i o n  o f  th e  io d o -c o m p o u n d , th e  c o n te n ts  
made up to  25 c . c .  w i t h  g l a c i a l  a c e t ic  a c id  and 
th o ro u g h ly  m ix e d . The p e rc e n ta g e  o f  the io d o -  
compound re d u ce d  a f t e r  a s t a t e d  tim e , was e s tim a te d  
in  the  u s u a l m a n n e r, c o r r e c t io n  b e in g  a p p lie d  f o r  a i r  
o x id a tio n *  The r e s u l t s  are sum m arised i n  T a b le  I I I ,  
t ,  w and x  h a v in g  th e  same s ig n if ic a n c e  as i n  T a b le  I I .
T a b le  I I I .
m -lo d o -te  r t  i  a r y - b u t y l  P~ Io d o -1  e r t  i  a r y -b u t  y l
_ b e n ze n e .  b e n ze n e .______
w X t W X
0 .1 0 6 1 & 6 0 .1 0 1 5 28
I n s u f f i c i e n t  o f  th e  p ro d u c t o f  r e d u c t io n  o f  
the û M o do-com pound at 25° was o b ta in e d  f o r  i d e n t i ­
f i c a t i o n  , b u t  a s tro n g  o d o u r o f  t e r t i a r y -b u t y l -b e n z e n e  
was a p p a re n t.
R e d u c tio n  o f  m - and P -t e r t i a r y -b u t .v l~ b e n z .y l  b ro m id e s .
The a c t io n  o f  h y d ro g e n  io d id e  on m~ and p~ 
t e r t i a r y - b u t y l - b e n z y l  b ro m id e s  was exam ined at 2 5 °. 
A p p ro x im a te ly  0.5 gram  o f  th e  b ro m id e  was w e ighed in t o  
a t a l l  s to p p e re d  m e a s u rin g  c y l i n d e r  and d is s o lv e d  i n  
5 c . c .  o f  a s o lu t io n  o f h y d ro g e n  io d id e  i n  g l a c i a l  
a c e tic  a c id  c o n t a in in g  0 .3 3  gram  h y d ro g e n  io d id e  p e r  
c .c .  The c y l i n d e r  was im m ersed i n  a th e rm o s ta t a t
35°, and a t re c o rd e d  i n t e r v a l s ,  1  c . c .  o f  th e  re d u c t ­
io n  m ix tu re ' was w ith d ra w n  and th e  amount o f  io d in e  
l ib e r a t e d ,e s t im a t e d  i n  the u s u a l m anner. A  b la n k  
experim ent was a ls o  p e rfo rm e d  and th e  amount o f  the 
bromide re d u ce d  c a lc u la t e d  fro m  th e  e q u a t io n : -
M33 C. CgH4 . CHgBr + 2 H I — — ^  M e^C. C h ^ H B r  + Ig .
The r e s u l t s ,  w h ic h  are shown g r a p h i c a l l y  i n  l i g u r e  m  
Page 1 1 , a re  t a b u la t e d  b e lo w  (T a b le  I V ) ,  w here t  i s  
the tim e  i n  days fro m  th e  commencement o f  th e  e x p e r i­
ment, w and x  h a v in g  t h e i r  u s u a l s i g n i f i c a n c e .
ïa b le  IV .,
60.
m -T e r t i a r y -b u t y l - b e n z y l -  p - T e r t i a r y - b u t y l - b e n z y l -
brom ide'. b ro m id e .
t w X t w X
4 0 . 0 9 8 1 10 4 0 .0 9 6 0 8
8 0 .0 9 8 1 16 8 0 . 0 9 6 0 12
15 0 .0 9 8 1 SO 16 0 .0 9 6 0 15
S3 0 . 0 9 8 1 21 22 0 .0 9 6 0 17
Benzyl /
B e n z y l brom ide i s  o n ly  re d u ce d  to  th e  e x te n t  o r  
a p p ro x im a te ly  2  p e r  c e n t ( v id e  Shoe s m ith  and S la t e r ,
J . C . S .  ,1 9 2 4 ,1 2 5 ,2 2 8 2 ) a f t e r  two d a y s .
The r e d u c t io n s  w e re  a ls o  c a r r i e d  o u t a t 100°. 
1 0  c . c ,  o f  a s ta n d a rd  s o l u t i o n  o r  th e  "bromide and 1 0  
c .c ,  c o n s t a n t -b o i l in g  h y d r io d ic  a c id  w ere p la c e d  i n  a 
g ra d u a te d  f l a s k ,  made up to  25 c . c .  w i t h  g l a c i a l  a c e t ic  
a c id  and th e  c o n te n ts  m ix e d . The f l a s k  was th e n  
p la c e d  i n  a th e rm o s ta t  a t 1 0 0 ° and th e  amount o f  brom­
ide re d u ce d  i n  a d e f i n i t e  tim e  was e s t im a t e d , as 
b e fo re , a b la n k  e x p e rim e n t b e in g  a ls o  p e rfo rm e d . The 
r e s u lt s  are shown g r a p h i c a l l y  i n  B ig u re  IV  page 1 2  , 
and a re  sum m arised in  T a b le  V , 5 where w and x  have th e  
same s ig n if ic a n c e  as i n  p re v io u s  e x p e rim e n ts , w h i l s t  
t  .is  th e  tim e  i n  h o u rs  fro m  th e  commencement o f  th e  
re d u c t io n . , % w  and Kpioo. are  th e
approxim ate v e l o c i t y  c o n s ta n ts  f o r  b e n z y l  brom ide and 
m- and p - t e r t i a r y - b u t y l - b e n # y l  bro m id e s r e s p e c t i v e ly .
TABLE V . .
it t -T e r t i  a r y - b u t y l - b e n z y l  p - T e r t  i  a r y - b u t y l - b e n z y l
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manner w i t  it c o n s t a n t - t o i l i n g  h y d r io d ic  a c id  a t 1 1 0 °
in  tne  v a p o u r tn e rm o s ta t d e s c r ib e d  "below. Tne
r e s u lt s  are  re p re s e n te d  g r a p n i c a l l y  i n  f i g u r e  IV
page 13 and sum m arised i n  T a b le  V I i n  w h ic h  t ,  w and
x have the same s i g n i f i c a n c y  as i n  T a b le  V. K , ,*■'“ 110
Tne "bromides were reduced in a similar
lltf
and K-P||0° are a lso  g iv e n .  
T a b le  V I .
m -T e r t i  a r y - b u t y l - b e n z y l P - T e r t i  a r y - b u t y l - b e n z y l
b rom id e b ro m id e .
t w X t w X
l i 0 .1 0 1 3 58 I t 0 .1 0 3 6 48
3 0 .1 0 1 3 79 3 0 .1 0 3 8 70
6 0 .1 0 1 3 97 6 0 .1 0 3 8 93
Ku : 0 .3 9 ;  K . = 0 .8 7 ;  K = 0 .8 3 .110“ »1100 P//0c
The v a p o u r tn è rm o s ta t
The v a p o u r th e rm o s ta t , shown d ia g r a m m a tic a lly  
above, c o n s is t s  o r  a r ia s lc  A o r  500 c . c .  c a p a c it y ,
I
1 ,Shoe sm ith  and S la t e r  ( l o c . c i t . ) .
f i t t e d  /
63.
f i t t e d  'w ith  a d o u b le  co re d  s t o p p e r ,  c a r r y ! r ig  a double
s u rfa c e  c o n d e n s e r B and a 25 c . c .  s ta n d a rd  f la s k  C.
A, l i q u i d  w ille d  d o l l s  a t tiie  d e s ire d  te m p e ra tu re  i s  
p la ce d  i n  A and h e a te d  to  d o l l i n g ,  when C c o n t a i n i n g  
the p a r t i c u l a r  r e a c t io n  m i x t u r e , i s  im m ersed i n  th e  
va p o u r fro m  th e  d o i l i n g  l i q u i d  f o r  th e  s ta te d  i n t e r v a l  
of tim e* The f l a s k  C soon a t t a in s  th e  te m p e ra tu re  
o f  th e  v a p o u r , d u t  i t  i s  a d v is a b le  to  a l lo w  a  few  
m inutes lo n g e r  th a n  the  s p e c if ie d  t im e ,  i n  o r d e r  t h a t  
e q u i l i b r a t i o n  o f  te m p e ra tu re  uuay de e s t a b l is h e d .
S u ita b le  l i q u i d s  f o r  A are c h lo r o f o r m , b . p .  60 ° , 
ca rb o n  t e t r a c h l o r i d e ,b . p .  76°and t o lu e n e , b . p .  110°. 
I s o l a t i on and i d e n t i f i c a t i o n  o f  the  r e d u c t io n  p ro d u c t  
from  u - t e r t i a r v - b u t y l - b e n z v l  b ro m id e .
p - T e r t i a r y - d u t y l - b e n z y  1 brom ide ( 1 .5  g ra m s ) 
was p la c e d  i n  a t a l l  s to p p e re d  m e a su rin g  c y l i n d e r  
and d is s o lv e d  i n  15 c . c .  o f  a s o lu t io n  o f  h y d ro g e n  io d id e  
■aeid i n  g l a c i a l  a c e t ic  a c id  c o n t a in in g  0 .4 0  gram  
h yd ro ge n  io d id e  p e r  c . c .  The c y l i n d e r  was p la c e d  in  
a th e rm o s ta t at 25° f o r  10 d a y s , a f t e r  w h ic h , th e  
r e a c t io n  p r o d u c t  was p o u re d  in t o  500 c . c .  w a t e r ,  
c o n ta in in g  sodium  t h i o s u lp h a t e , to  d e s tr o y  f r e e  io d in e .  
The s o l id  w h ic h  s e p a ra te d  was f i l t e r e d ,  washed w it h  
w ater and re  c r y s t a l  U s e d  fro m  d i l u t e  a c e t ic  a c id .  The 
c o lo u r le s s  p l a t e s ,  so o b ta in e d , had m .p . 2 9 .5 ° "  3 0 .5 ° .
In  o r d e r  to  i d e n t i f y  th e  r e d u c t io n  p r o d u c t ,  p - t e r t i a j r y -  
ib u t y l -b e n z y l  io d id e  was p re p a re d  by h e a t in g  p - t e r t i a r y -
64.
b u t y l -b e n z y l  b ro m id e  ( 2  g ra m s ) i n  a ce to n e  s o lu t io n  
w ith  p o ta s s iu m  io d id e  ( 1 . 5  g ra m s ) u n d e r a r e f lu x  
condenser; f o r  s e v e r a l  h o u r s .  The p ro d u c t  was p o u re d  
in to  w a t e r ,  th e  s o l i d  o b t a in e d , f i l t e r e d  and washed 
w ith  w a t e r .  I t  c r y s t a l l i s e d  fro m  d i l u t e  a c e t ic  
a c id  i n  c o lo u r le s s  p la t e s ,  when i t  had ra .p . 2 8 .5 ° -  
2 9 .5  » One gram  was o b ta in e d . F o u n d : h y d ro ly s a b ie  
1 ,4 6 .0 .  O i i ^ i g l  r e q u ir e s  I ,  4 6 .3  p e r  c e n t .  M ixed 
m .p . w i t h  the  sam ple o b ta in e d  fro m  th e  r e d u c t io n  w it h  
h y d r io d ic  a c id ,  2 9 .5 ° ~  30°.
H y d r o ly s is  o f  m - and p - t e r t i  a r y ~ b u t y l~ b e n z y l  b ro m id e s .
— — .  — I »1 -, ■ .<« ■mrn I» !■ M   I ■  111  ■ 111, H' m m m. —. m mt n  ■■r .'aw ^ — i»-n  »■ m m » »  m
The f i r s t  h y d ro ly s e s  w ere c a r r i e d  o u t a t 60 ° , 
i n  aqueous alcoholic  s o lu t io n .  A p p ro x im a te ly  Q.,1 gram  
of th e  b ro m id e  was w e ig h e d  in t o  a 25 c . c .  g ra d u a te d  
f la s k ,  d is s o lv e d  i n  2 0  c . c .  a b s o lu te  a lc o h o l ,  5  c . c .  
w a te r added, th e  c o n te n ts  o f the  f l a s k  w e l l  m ix e d , 
and th e n  made up to  2 5  c . c .  w i t h  a b s o lu te  a lc o h o l .
The s to p p e re d  f l a s k  was h e a te d  at 60° i n  the v a p o u r 
th e rm o s ta t f o r  s p e c if ie d  p e r io d s  o f  t im e , a f t e r  w h ic h  
tQ ie  c o n te n ts  o f  th e  f la s k  w ere d i l u t e d  w it h  w a te r  and 
the liy d ro b ro m ic  a c id ,  form ed d u r in g  h y d r o l y s i s ,  t i t r a t ­
ed w i t h  N/ao ammonia, u s in g  m e th y l re d  as I n d i c a t o r .
The p e rc e n ta g e  h y d ro ly s e s  w ere  c a lc u la t e d  fro m  th e  
e q u a tio n  Me3 u.u^H^.OHgBr +  Hu e  - »  Me5 u. o6h4j.-OH2uii-+-EBr. 
The r e s u l t s  a re  sum m arised i n  T a b le  V I 1  w here t  i s
the tim e i n  h o u rs  fro m  th e  commencement o f  the 
e x p e rim e n t, w th e  w e ig h t o f  b ro m id e  ta k e n  i n  g ra m s, 
and/
and x  th e  p e rc e n ta g e  chan g e d . The r e s u l t s  a re  re ­
p re s e n te d  g r a p h i c a l l y  i n  F ig u r e  v  page 13 . K ,U. ¿0
, 3X3  ^he r e c ip ro c a ls  o r  th e  tlin e s  re q u ire d  
T o r  h a i r -c o m p ie t io n  o f  th e  h y d r o ly s is  o r  b e n z y l  
brom i de ^ gesL in- and p - t e r t i  a r y - b u t y l - b e n z y l  brom id es 
r e s p e c t iv e ly . .
TABLE- V I I .  .
m -T e rt  i  a r y - b u t y l -  "benzyl 
"bromide
p - t e  r  t  i  a r y - b u t y l -  b e n z y l  
"brom ide..
t W X t W X1
¥ 0 .1 0 2 4 30
X
2 0 .1 1 9 2 44
I 0 .1 4 6 0 48 l 0 .1 1 9 6 71
2 0 .1 0 7 2 70 2 0 .1 1 4 1 86
4 0 .1 1 5 1 8 6 4 0 .1 2 9 6 95
8 0 .1 1 0 3 95 8 0 .1 0 3 3 99
-*
Kui0o -  0 .6 7 " ;  K =  o - q s  ; K =  I-'ilmfco° ‘ ' ”  Pfco°
A p e r f e c t l y  s a t i s r a c t o r y  v e l o c i t y  c o n s ta n t
co u ld  n o t be o b ta in e d  at 60° ow ing to  the r a p i d i t y  
o f h y d r o l y s i s ,  and c o n s e q u e n tly  the  h y d ro ly s e s  o f  th e  
brom ides w ere c a r r i e d  o u t a t 25° . A p p ro x im a te ly  0 .5  
gram o f  th e  b ro m id e  was w e ig h e d  in t o  a 1 0 0  c . c . g ra d ­
uated f la s ic  and 90 c . c . a b s o lu te  alcoholc r o llo w e d  b y  
1 0  c . c .  w a te r  added and the  c o n te n ts  w e l l  m ixed^ a l t e r  
w hich  th e y  w ere made up to  1 0 0  c . c .  w i t h  a b s o lu te  
a lc o h o l«  The r i a s X  was p la c e d  in  a th e rm o s ta t  at 25° 
and 1 0  c . c .  o r  th e  c o n te n ts  w ere w ith d ra w n  a t s ta te d  
i n t e r v a l s ,  d i l u t e d  w i t h  w a t e r ,  and th e  h y d ro b ro m ic  a c i  
p re s e n t , t i t r a t e d  r a p i d l y  w i t h  n/20 NaOK and m e th y l re d  
The p e rc e n ta g e  h y d ro ly s e s  w ere c a lc u la t e d  i n  the u s u a l 
m anner. The h y d ro ly s e s  w ere s u f r i c l e n t l y  s lo w  to  
a llo w  /
A«-S h oe sm ith  and S la t e r  ( l o c . c i t .  ) .
The r e s u l t s  a re  sum m arised in  T a b le  v m  in  w h ic h
t ,  w and x have  th e  same s ig n if i c a n c e  as b e fo re  and
k 25° i s  th e  v e l o c i t y  c o n s ta n t , c a lc u la t e d  fro m
the u n im o le c u la r  fo rm u la :
3 .3  a
k = ----------------- - l o g i o  ---------------
60 x t  a -  x
where a r e p r e s e n t s  com plete  h y d r o l y s i s .  The v e l o c i t y
c o n s ta n t f o r  u n s u b s t i t u t e d  b e n z y l  b ro m id e  i s  k 0=
- 6 *  U25 
135 x io  and i t  was fo u n d  t h a t  f o r  th e  m e ta -
—6
is o m e rid e . 0(m e a n ) =  193 x 10 , and f o r  the
— ft
p a r a -is o m e r id e , k-n 0 (snea n) =  3 3 3  x 1 0  .
iJ 25
T a b le  V I I I .
66.
allow satisfactory velocity constants to be obtained.
m -T e r t i a r y -b u t y 1 -b e n z y l  b ro m id e .
t W X
v 5 ° * 1 0 6
3 6 0 . 0 5 1 8 3 3 . 7 1 9 0
4 7 0 . 0 5 1 8 4 1 * 9 1 9 2
5 4 0 . 0 5 1 8 4 6 * 6 1 9 3
P - T e r t i a r y - b u t y 1 - b e n z y l  b ro m id e .
t W X ■Kp 2 5 o x  1 0 6
3 6 0 . 0 5 0 0 5 1 . 4 3  3 4
5 4 0 . 0 5 0 0 6  6 * 4 3 3 6
6 0 0 . 0 5 0 0 6 9 * 5 3 2 9
)f*
Shoe sm ith  and R u b l i  ( l o c . e i t . ) .
Dissociation constants of the isomeric ter11 ary~buty l-
b e n z o ic  a c id s .
Th e se  w ere e s tim a te d  b y  th e  u s u a l  K o h lra u s c h  
c o n d u c t iv i t y  m etho d, u s in g  a c e l l  o f  th e  type  shown. 
I t  was fo u n d  th a t  s a t i s f a c t o r y  r e s u l t s  c o u ld  o n ly  be 
o b ta in e d  when th e  c e l l ,  e le c t r o d e s  w ere s m a ll and 
alm ost one cm. a p a r t .
Owing to  th e  i n s o l u b i l i t y  o f  the m e ta - and 
p a r a -is o m e r id e s , s a tu ra te d  s o lu t io n s  o f  w h ic h  had 
c o n c e n tra t io n s  o f  a p p ro x im a te ly  n/sooo and TSjS5 0 0  
r e s p e c t iv e ly  and th e  u n r e l i a b i l i t y  o f  o b s e rv a t io n s  
w ith  d i l u t i o n s  g r e a t e r  th a n  th o se  re c o rd e d , i t  was 
d e cid e d  to  f i n d  the  d i s s o c ia t io n  c o n s ta n ts  at one 
d i l u t i o n  o n ly  f o r  a l l  th re e  a c id s ,  n a m e ly , a p p r o x i­
m a te ly  u / 3500: t h i s  b e in g  th e  l i m i t i n g  s o l u b i l i t y  
of th e  p a r a -a c i d .  The d i s s o c ia t io n  c o n s ta n t  o f  the  
o r t h o -a c id  was fo u n d  at t h i s  d i l u t i o n  i n  o rd e r  th a t  a 
tru e  c o m p a ris o n  m ig h t be made, The a c id s  w ere 
r e c r y s t a l l i a e d  s e v e r a l  tim e s  b e fo re  the  d i s s o c i a t i o n  
c o n s ta n ts  w ere d e te rm in e d . The a c id  ( 0 . 5  g ra m ) was 
ahafcen up w it h  c o n d u c t i v i t y  w a te r  (2 5 0  c . c .  ) f o r  
2 days i n  a w e l l  s to p p e re d  Je n a  g la s s  b o t t l e ,, th e
s o lu t io n /  -*A11 v e s s e ls  c o n t a in in g  s o lu t io n s  whose-
c o n d u c t i v i t i e s  w ere to  be m easured w ere v e r y  c a r e -  
f u l l v  c le a n e d  b e fo re  use- b y  s u b je c t in g  tnem to  tne 
a c t io n  o f  steam  f o r  5 m in u s e s .
68.
s o lu t io n  toe lu g  p e r i o d i c a l l y  p la c e d  i n  a th e rm o s ta t  at 
25°. The s o l u t i o n  a t 25° was f i l t e r e d  th ro u g h  g la s s  
w ool In t o  a n o th e r  Je n a  g la s s  P o t t l e ,  w h ic h  was th e n  
p la c e d  i n  th e  th e rm o s ta t*  f i l t e r i n g  th ro u g h  g la s s  
w ool d id  not a f f e c t  th e  c o n d u c t i v i t y  o f  the s o l u t i o n ;  
p ro v id e d  the g la s s  'wool had been w e l l  washed w it h  
c o n d u c t iv i t y  w a t e r ,  and as th e  f i l t e r i n g  medium 
en a b le d  the o p e r a t io n  to  Pe p e rfo rm e d  e x p e d i t i o u s ly ,  
the s o lu t io n  was no-t exposed to. th e  atm osphere f o r
such tim e  as to  in c re a s e  the c o n d u cta n ce  o f  the
s o lu t io n  a p p re c ia b ly *  The s t r e n g t h  o f th e  s a tu ra te d  «
s o lu t io n s  o f  th e se  a c id s  at 25° was e s tim a te d  b y  
t i t r a t i o n  w i t h  d/140 b a r y t a  s o lu t io n  and was d / 9 6 ,
r e s p e c t iv e ly *  The s o lu t io n  o f  the o r t h o -a c i d  was 
d i lu t e d  to  a p p ro x im a te ly  d / 3 0 0 0 , f o r  re a s o n s  s ta te d  
b e f o re . Te n  c .c *  o f  th e  s o lu t io n  w ere w ith d ra w n  and 
p la c e d  i n  the c e l l * ( A s  m in u te  p a r t i c l e s  o f  u n d is s o lv e d  
a c id .w e re  s t i l l  p re s e n t i n  the l i q u i d , th e  s o lu t io n  
was passed th ro u g h  g la s s  w o o l, b e fo re  e n t e r in g  th e  
p i p e t t e ) .  A f t e r  5 m in u te s , when e q u i l i b r a t i o n  o f  
te m p e ra tu re  had be en e s t a b l is h e d ,  the r e s is ta n c e  o f  
the s o lu t io n  was d e te rm in e d  w i t h  two o r  more d i f f e r e n t  
re s is ta n c e s  i n  the re s is ta n c e  b o x . The m o le c u la r  
c o n d u c t iv i t y  a t t h i s  d i l u t i o u ^ A  j  was th e n  c a lc u la t e d  
from  th e  fo rm u la :
d /2 2 4 6 , d/3646 f o r  th e  o r t h o - ,  m e ta - and p a r a -  a c id s
IOO- x  )
where C i s  th e  c e l l  c o n s ta n t ’* <f> th e  ur-siume i n  c . c .
w  *
• The c e l l  c o n s ta n t was d e te rm in e d , u s in g  d/60 
p o ta s s iu m  c h l o r i d e ,  and fo u n d  to  be 0*6907.
69
r e s is ta n c e  i n  th e  r e s is t a n c e  "box and x  th e  b r id g e
re a d in g  i n  cm. I t  was th e n  r e q u ir e d  to  d e te rm in e
tO ie  m o le c u la r  c o n d u c t i v i t i e s  o f  th e  a c id s  a t I n f i n i t e
d i l u t i o n .  S in c e  the m o le c u la r  c o n d u c t i v i t y  at
i n f i n i t e  d i l u t i o n  o f  is o m e ric  a c id s  are e q u a l (v id e
W hite and J a n e s , A m e r.C h e m .J. ,1 9 1 0 ,4 4 ,1 6 2  ) ,  i t  was o n ly
n e c e s s a ry  to  f i n d  the  ¿m olecular c o n d u c t i v i t y  at
i n f i n i t e  d i l u t i o n  f o r  one a c id .  a s  th e  t e r t i a r y -
b u t y l -b e n z o i c  a c id s  are v e r y  w eak, t h e i r  m o le c u la r
c o n d u c t i v i t i e s  at i n f i n i t e  d i l u t i o n  ca n n o t be s a t i s -
i t ,  w as  t h o u ^ i t  t h a t  t h e y  m i $ i t
f a e t o r i l y  d e te rm in e d  d i r e c t l y ,  but/sra? ue o b ta in e d
from  th e  e q u a t io n :
^  t M X ) = y U d 0 C H C l ) + yU o0 C W a X ) -y U o 0 (l\ la C |)>
w here.'x  i s  th e  r a d i c a l  Me3 C. C6R4 . COO a n d y Ü .^  i s  th e  
m o le c u la r  c o n d u c t i v i t y  at i n f i n i t e  d i l u t i o n .  The 
m o le c u la r  c o n d u c t i v i t i e s  a t i n f i n i t e  d i l u t i o n  f o r  
h y d r o c h lo r ic  a c id  and i t s  sodium  s a l t  are known aa<§ 
f o r  sodium  t e r t i a r y -b u t y l -b e n z o a t e  may be fo u n d  
d i r e c t l y .  An a tte m p t was t h e r e f o r e  made to  d e te rm in e  
the m o le c u la r  c o n d \ K it iv ity  at i n f i n i t e  d i l u t i o n  f o r  
sodium  p - t e r t i a r y - b u t y l - b e n z o a t e .  The sodium  s a l t
t
was p re p a re d  b y  a d d in g  1 0  p e r  c e n t a lc o h o l ic  sodium  
h y d ro x id e  to  an excess o f  a s o l u t i o n  o f  th é  p a r a -a c id  
in  a lc o h o l .  A f t e r  e v a p o ra t io n  away o f  th e  a lc o h o l ,  
the sodium  s a l t  was washed w e l l  w i t h  a ie ohok and e th e r  
to  e x t r a c t  excess a c id  and d r ie d .  An r / 3 2  s o l u t i o n
in which L gram-molec.ule is dissolved. r is the
o f the sodium  s a l t  was p r e p a r e d , 5 e .e .  o f  w h ic h  w ere  
p la c e d  i n  th e  c o n d u c t i v i t y  c e l l  and th e  r e s is t a n c e  
bii th e  s o lu t io n  m easured . The s o lu t io n  was th e n  
d i lu t e d  i n  the u s u a l manner and i t s  m o le c u la r  
c o n d u c t i v i t y  e s t im a t e d , h u t at h ig h  d i l u t i o n s  i t s  
m o le c u la r  c o n d u c t i v i t y  g r a d u a l ly  in c re a s e d  and hence 
y ^ -o o c o u ld  n o t he o b ta in e d  i n  t h i s  w a y. T h is  is  
p r o b a b ly  due to  the  h y d r o ly s is  o f the sodium  s a l t ,  
when the  p re s e n ce  o f  sodium  h y d ro x id e  w o u ld  in c re a s e  
the c o n d u c t i v i t y .  The m o le c u la r  c o n d u c t i v i t y  was 
u l t im a t e ly  c a lc u la t e d  b y  the  a p p l i c a t io n  o f  th e  r u l e ,  
fo rm u la te d  by Q s tw a ld , t h a t  the  m o le c u la r  c o n d u c t i v i t y  
at i n f i n i t e  d i l u t i o n  i s  the same f o r  a c id s  w it h  the 
same number o f  atoms i n  the  m o le c u le . The f o l lo w in g  
t a b le ,  show ing  the l i m i t i n g  c o n d u c t i v i t i e s  o f a c id s  
w h ic h  c o n t a in  12 o r  more atoms i n  t h e i r  m o le cu le  
is  q u o te d  fro m  O s tw a ld -L u th e r ,P h y s iK o -C h e m is c h e  M essun - 
g e n , L e i p z ig  1 9 1 0 ,p . 482,
Ta b le  IX,.
At 2 5  ° th e  l i m i t i n g  v a lu e  f o r
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A c id s w it h 12 atoms 376
u n lb- u 53 373
II u 18 II k o «3 371
u n 22 u W 369
H u 25 II / ¿ e O r? 368
ti u 30 tl 367
The te r t ia r y -b > u ty l~ b e n z o  1 c a c id s  have 27 atoms i n  t h e i r  
m olecule  /
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m o le c u le  and hence a t 25° =  3 6 8 .
From  the  c o n d u c t i v i t i e s  at n / 3 0 0 0  and th e  
above v a lu e  f o r  t h e  d e gree  o f  i o n i s a t i o n  at
d i l u t i o n  <f> , =■ and the  d i s s o c i a t i o n  c o n s ta n t
was d e te rm in e d , where v  i s  th e  volum e i n
l i t r e s  c o n t a in in g  one g r a m -e q u iv a le n t .  I t  i s  more 
c o n v e n ie n t to  ta x e  the  d i s s o c ia t io n  c o n s ta n t as 
K  = 100 X , o w in g  t o  the s m a ll m agn itude  ot  X . The 
r e s u l t s  a re  sum m arised i n  T a b le  1C „ th e  d i s s o c ia t io n  
c o n s ta n t o r  b e n z o ic  a c id ,  _0 ,b e in g  quo;ted T o r2b
com parison*
T a b le  X . „
o -  T o r t  1 a r y -b u t y l~ b e  nzo  i  c 
a c id .
M oc io2
2 b s .  8 0 . 6 6 9 4 2 . 8
m -T e r t i a i y - b u t y l - b e n z o i c  a c id p -  T e r  t  i  a r y -b u t y l -b e  nzo i  c 
a c id .
-  ¡ ^ i 04. K X ‘o~s oc X * to'3
1 0 6 .2 0 .2 8 8 6 5 .2 1 1 9 .0 0 .3 2 3 3 4 .2
= b q >cio~f
DISCUSSION 03T RESULTS.
The r e s u l t s  o b ta in e d  I n  th e  i n v e s t i g a t i o n  
p re s e n t s e v e r a l  p o in t s  f o r  d is c u s s io n * . The m ain  f a c t  
w h ic h  has a r is e n  i s  t h a t  th e  in t r o d u c t i o n  o f  the 
t e r t i  a r y - b u t y l “ g ro u p  i n t o  a benzene n u c le u s  causes 
the n u c le u s  to. be a c t iv a t e d  i n  a lt e r n a t e  p o s i t io n s  to  
a marXed degree* O b s e rv a t io n s  have b e e n  made on 
compounds c o n t a in in g  h a lo g e n  i n  tn e  s id e  c h a in  w h ic h  
in d ic a t e  a ls o  in c re a s e d  a c t i v a t i o n  i n  a g e n e ra l 
sense* t h a t  i s ,  i n  a l l  p o s i t i o n s , E x a m p le s  o f - d e c r e a s e d  
a c t i v a t i o n  due to  a s t a r le  i n f  lu e  nee . a re  re c o rd e d .
The e f f e c t s  o f  th e  v a r io u s  In f lu e n c e s  are 
d is c u s s e d  i n  th e  f o l lo w in g  o r d e r :
GENERAL E E E E C T.
( 1 )  H y d r o ly s is  o f  m - and p - t e r t i a r y - b u t y l - b e n z y l
b ro m id e s .
( 2  R e d u c t io n  o f  m - and p - t e r t i  a r y - b u t y l - b e n z y l  
b ro m id e s .
( 3 )  R e d u c tio n  o f  the is o m e r ic  i o d o - t  e r t i  a r y -  
b u t  y l -b e n z e n e s .
( 4i ) D is s o c ia t io n  c o n s ta n ts  o f  th e  t e r t i a r y - b u t y l -  
b e n z o ic  a c id s .
ALTERNATING E E E E C T.
I .  Cause o f  a l t e r n a t i o n  i n  n u c le a r  r e a c t i v i t y .
C l )  E le c t r o n  s h i f t .
( 2 )  o c te t  s t a b i l i t y .
R e d u c tio n /
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I I .  R e d u c tio n  o f  c —  and p - l o d o - t e r t i a r y -b u t y l -b e n z e n e s
P o s s i b i l i t y  o f  i n t e r v e n t io n  o f  quino.noid  
s t r u c t u r e s .
I I I . A l t e r n a t i o n  t r a n s m it t e d  th ro u g h  th e  s id e  c h a in .
( a )  H y d r o ly s is  o f  m—  and p - t e r t ia r y -s / b u t y l -
b e n z y l  b ro m id e s .
Cause o f  th is  a l t e r n a t io n
( 1 )  E le c t r o n  S h i f t .
( S )  O c te t  s t a b i l i t y .
( h ) R e d u c tio n  o f  m - and p - t e r t i a r y - b u t y l -  
b e n z y l  b ro m id e s .
( c . ) D is s o c ia t io n  c o n s ta n ts  o f  m - and p -  
t e r t i a r y - b u t y l - b e n z o i c  a c id s .
S TE R IC  EP P E C T.
A b n o rm a lity  o f  o - t e r t i a r y - b u t y l - b e n z o l c  a c id
CONCLUSION»
The t e r t 1 a r y -b u t y l -g r o u p  does n o t d i r e c t  
s u b s t i t u t i o n  i n  the  benzene n u c le u s  i n  accordan ce 
w it h  the  s im p le  p o l a r i t y  r u l e ,  and i n  e v e ry  s e r ie s  
o f e x p e rim e n ts  th e  d i r e c t i n g  in f lu e n c e  o f  the t e r t i a r y  
b u t y l -g r o u p  has be e n  fo u n d  t o  be s i m i l a r  to  t h a t  o f  
the me t h y  1 -g r o u p ; th e  ease o f  re m o v a l o f  h a lo g e n  
fro m  n u c le a r  io d in a t e d  d e r iv a t iv e s  i s  o rth o  >  p a r a >  
met a and o f  re m o va l o f  s id e  c i £ a i n  h a lo g e n  b y  
h y d r o ly s in g  a g e n ts  p a r a >  rneta >  u n s u b s t i t u t e d  and 
by r e d u c in g  a g e n ts  m e ta >  p a r a  ^  u n s u b s t it u t e d .
t
g e n e r a l /
GENERAL BFIECT.
( 1 )  H y d r o ly s is  o f  m - and p - t e r t l a r y - b u t y l -  
b e n z y l  b ro m id e s .
I t  i s  n o t d i f f i c u l t  to  v i s u a l i s e  th e  f a c t o r s  
u n d e r ly in g  th e  g e n e ra l e f f e c t , ,  t h a t  i s ,  th e  e f f e c t  
w h ic h  maxes i t s e l f  a p p a re n t i n  th a t  a l l  th e  is o m e r id e s  
are more r e a c t iv e  o r  le s s  r e a c t i v e  th a n  the unsub­
s t i t u t e d  com pound. In  the  h y d r o ly s is  o f  a compound 
c o n t a in in g  h a lo g e n  i n  the s id e  c h a in ,  i t  seems 
re a s o n a b le  to  suppose th a t  t h e  r e a c t i v i t y  o f  th e  
h a lo g e n  atom w i l l  depend o n  i t s  pow er to  be e l im in a t e d  
as a n e g a t iv e  i o n ,  w h ic h  w i l l  i n  i t s  t u r n  depend on 
the a c c u m u la tio n  o f e le c t r o n s  ro u n d  th e  h a lo g e n  atom .
A g ro u p  w h ic h  r.e p e is  e le c t r o n s  to w a rd s  th e  n a lo g e n  
w i l l  re n d e r  i t  more r e a c t iv e  i n  t h i s  s e n s e .
The c a p a c it y  o f  a g ro u p  to  r e p e l  o r  a t t r a c t  
e le c t r o n s  can be te s te d  i n  th e  f o l lo w in g  w a y. 
I o n is a t io n  o f  an o rg a n ic  a c id  depends o n  th e  s e p a ra t­
io n  o f  a p r o to n  from, the o xyg e n  o f  the  h y d r o x y l  i n  
the c a r b o x y l  g ro u p . Any f a c t o r  t h e r e f o r e  w h ic h  
a s s is t s  i n  p u l l i n g  th e  e le c t r o n s  away fro m  t h e  
h yd ro g e n  w i l l  in c re a s e  i o n i s a t i o n ,  and v i c e  v e r s a ,  
any g ro u p  w h ic h  in c re a s e s  i o n is a t i o n  must a t t r a c t  
away e le c t r o n s  fro m  th e  h y d ro g e n . An example o f  a 
g roup  o f  t h i s  n a tu re  i s  to: be  fo u n d  i n  th e  n i t r o -  
g ro u p , an “e ie c t ^ r o n  s ln X "  and the d i s s o c ia t io n  
c o n s ta n ts  /
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c o n s ta n ts  o r  m - and p -n i t r o -b e n z o i c  a c id s  are
w 3 .4 8  X 10" 2  and K p" 4 .0  x  IQ " 2  a t 25°
r e s p e c t iv e ly  (Q s tw a ld , Z .p h y s i c a l .  Chem. ,1 8 8 9 ,3 ,2 4 1 ) ,
as com pared w it h  b e n a ic  a c id y  6 .9  x  l o " 3  a t 2 5 ° .
M e ta - and p a r a - t o l i l i c  a c id s  ^ d i s s o c ia t io n  c o n s ta n ts
5 , 6  x  10“  3  and 4 . s  x  10" 3  a t 25° r e s p e c t iv e ly
(W h ite  and Jo n es .Am er.Chem . J .  .1 9 1 0 .4 4 .1 9 7  ) ja r e
l o t h  w e a k e r th a n  h e n zo i.c  a c id ,  a f a c t  w h ic h  i s  due to
the  pow er o f  th e  m ethy1 -g r o u p  to r e p e l  e le c t r o n s ,
s in c e  th e  e T r e n t  i s  th e  o p p o s ite  to  th a t  i n  the
n i t r o -b e n z o i e  a c id s  (com pare A l l a n ,  o x r c r d ,R o b in so n
and S m ith , J . C .  S . , 1 9 2 6 ,4 0 5  ) .  The two cases may he
re p re se n te d , g r a p h i c a l l y  as r o i l o w s ,  w here  th e  c u rv e d
a rro w s show th e  ru n d a m e n ta l e le c t r o n  movement w h ic h
s t r a ig h t
p re ce d e s  i o n i s a t i o n  and th e / a rro w , th e  d i r e c t i o n  o r  
the s e c o n d a ry  e r r e c t  o r  th e  s u b s t it u e n t  g ro u p .
I n  th e  h y d r o ly s is  o r  th e  b e n z y l  brom id es 
the  p e r r e c t  c o n d it io n  o r  th e  b ro m in e  s e p a ra t in g  as a 
n e g a tiv e  io n  w i l l  n e v e r be r e a lis e d ,»  because th a t  
w o u ld  r e q u ir e  th e  s e p a r a t io n  o r  th e  t e r m in a l  atom 
w it h  a n e g a t iv e  c h a rg e , th a t  i s , w i t h  one o r  th e  
ca rb o n  e l e c t r o n s .  T h is  i s  v e r y  Im p ro b a b le .
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The a c c u m u la tio n  o f  e le c t r o n s  i n  the  n e ig h b o u rh o o d
i
o f the b ro m in e , as a r e s u l t  o f  r e p u ls io n  fro m  th e  
me t h y 1 -g r o u p  i s  how ever r e a d i l y  v i s u a l i s e d  and 
ad m issa b le  and w o u ld  re n d e r th e  brom in e  much more 
r e a d i l y  a tta c k e d  by th e  h y d ro g e n  o f  the  h y d r o ly s in g  
a g e n t. The g e n e r a l  in f lu e n c e  r e s u l t s  i n  a l l  the 
is o ra e rid e s  b e in g  m ore r a p i d l y  h y d ro ly s e d  th a n  the 
u n s u b s t it u t e d  compound and v a r io u s  a tte m p ts  have been 
made to  d e te rm in e  th e  T a lu e  o.f t h is  e f f e c t  ( g )  fro m  
th e  d a ta  o b ta in e d  fro m  th e  q u a n t i t a t iv e  h y d r o ly s is  
o f  s u b s t it u t e d  b e n z y l  c h lo r id e s  and b ro m id e s 
(S h o e s m ith  and S l a t e r , l o c . c i t .  ,p . 2 1 5 ; v a n  £ u in ,R e c . 
t r a v . C h l m . ,1 9 2 7 ,4 6 ,2 6 2 ; B e r g e r , i b i d  643;Chem .W eek- 
b la d ,1 9 2 7 ,2 4 ,6 1  ) .
The  fo r m u la  u se d  f o r  t h i s  purpose, i s
g == i d o g ^ i ^ + l o g Q K p  -  2 l o g - ^ ) ,  i n
w h ic h  Km, K p, %  a re  the  T e l o c i t y  c o n s ta n ts  o f
h y d r o ly s is  o f  th e  met a - ,  p a r a -  and u n s u b s t it u t e d
c f .
compounds r e s p e c t iv e ly  (|Shoesm ith and S l a t e r ) .  The 
v a lu e  f o r  g a t 25°i s  0 .3 1  and at 60°, 0 .1 8 ;  g ,  
c a lc u la t e d  f o r  c o m p a riso n  f o r  the m ethy1 -g r o u p  alone  
at 60° i s  0 .3 4  (t h e  v a lu e  g iv e n  in  J .  C. S . ,1 9 2 6 ,2 1 7  
s h o u ld  be h a lv e d )  e n d  th u s  th e  t e r t i a r y -b u t y l - g r o u p &
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i s  seen to  "be n o t  so s t r o n g ly  e le c t r o n  r e p e l l i n g  as 
i s  the  m e th y 1 -g ro u p .
E ach  m e th y l-g ro u p  o f  th e  t e r t i a r y - b u t y l -  
g rou p  r e p e ls  e le c t r o n s  h u t th e  e f f e c t  i s  n o t th re e  
t in e s  as la r g e  as i n  th e  case o f  th e  m e th y i -g ro u p  
a lo n e , because the  in f lu e n c e  i n  th e  fo rm e r  ca se  i s  
t r a n s m it t e d  th ro u g h  an a d d i t i o n a l  c a rh o n  atom .
I t  i s  a ls o  re c o g n is e d  t h a t  tne v a lu e  o f  g 
i s  o n ly  a p p ro x im a te , s in c e  i t  has be en assumed t h a t  
th e  g e n e ra l e ffe :c t  i s  the  same i n  b o th  at the  m e ta - 
and p a ra -p o  s i t  io n s ,  w h ic h  i s  im p ro b a b le .
( 2 )  R e d u c tio n  o f  m - and p - t e r t l a r y - b u t y l - b e n z y l  
b ro m id e s .
B e th  th e s e  compounds are more r a p i d l y  re d u ce d  
a t 110° th a n  i s  b e n z y l  brom ide and Kml(o0 , K^„0O ,
&alic. have: th e  v a lu e s  0 .8 V ,0 .6 3  and 0 .3 9  re s p e c t ­
i v e l y .  Thus thCe v a lu e  o f  g c a lc u la t e d  as b e fo re  
i s  0 .2 8 ,  w h i l s t  g f o r  th e  m e th y l-g r o u p  [ c a lc u l a t e d  
fro m  o b s e r v a t io n s  b y  S hoe sm ith  and S la t e r  ( J .  C .S . , 
1 9 2 7 ,1 7 7 1 )} i s  0 .5 2 .  A g a in  g i s  m a rk e d ly  p o s i t iv e  
b u t le s s  th a n  i n  the  case o f  the  m e t h y i -g r o u p .
The g r e a t e r  r e a c t i v i t y  o f  at- and p - t e r t i a r y -  
b u ty  1 -b e n z y l  bro.mides|than th e  u n s u b s t it u t e d  compound 
to w a rd s  h yd ro g e n  io d id e  i s  a phenomenon w h ic h  i s  
more d i f f i c u l t  o f  e x p la n a t io n  th a n  t h a t  o f  th e  
h y d r o ly s is  and su g g e s ts  th a t  th e re  i s  a s ta g e  p re v io u s  
to  t h je  a c t u a l  l i b e r a t i o n  o f  io d in e ,  g o v e rn e d  b y  the 
same /
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same f a c t o r s  i n  th e  two s e r i e s .  I f  the d e c o m p o s itio n  
b y  w a te r  and h y d ro g e n  io d id e  i s  p re ce d e d  by a lo o s e  
a d d it io n  o f  tChe re a g e n t at th e  c a rto n ^ b ro m ln e  l in k a g e ,  
th e n  th e  i n i t i a l  s ta g e s  o f  th e  two r e a c t io n s  are 
e s s e n t i a l ly  the  same and i f  none h u t g e n e ra l in f lu e n c e s  
a f f e c t e d  th e  c a rb o n -b ro m ln e  l in k a g e ,  th e  d if f e r e n c e  
betw een th e  r e a c t i v i t y  o f  m e ta - and para -co m p ou n d s 
w o u ld  he i d e n t i c a l ,  w h e th e r w a te r o r  h y d ro g e n  io d id e  
w ere th e  r e a g e n t .  T h is  q u e s t io n  how ever i s  one to  
w h ic h  no s a t i s f a c t o r y  answ er can he g iv e n  at p r e s e n t .
( 5 )  R e d u c tio n  o f  the  is o m e ric  i o d o - t e r t i a r y -  
b u t y l -b e n z e n e s .
I t  i s  n o te w o rth y  t h a t  w h i l s t  th e  io d in e  o f  
m -io d o -t o lu e n e  i s  s lo w ly  rem oved hy h y d ro g e n  io d id e  a t 
25° , t h a t  o f  u H io d o -t e r t i a r y -b u t y l -b e n e n e  i s  u n r e a c t iv e .  
T h is  i s  p ro b a b ly  due to  th e  w eaker g e n e ra l in f lu e n c e  
o f  th e  t e r t i a i C y - b u t y l - g r o u p  a t t h i s  p o i n t ,  compared 
w it h  t h a t  o f  the  m e th y 1 -g ro u p , w h i l s t  th e  s lo w e r 
ra te  o f  r e d u c t io n  o f - p - i o d o - t e r t i a r y - b u t y l - b e n z e n e  
th a n  p - iG d o -t o lu e n e  is  due to  the same ca u se ,, s in c e  
ease o f  r e d u c t io n  appears to  be dependent o n  th e  pow er 
o f a s u b s t it u e n t  g ro u p  to  a c t as an e le c t r o n  r e p e l l e r .
( 4 )  D is s o c i a t io n  c o n s ta n ts  o f  th e  t e r t i a r y -  
b u t y l -b e n z o i c  a c id s .
The in f o r m a t io n  o b ta in e d  fro m  the  m easure­
ment o f  th e  d is s o c ia t io n  c o n s ta n ts  o f  th e  t e r t i a r y -  
h u t y l— /
b u t y l —'b e n zo ic  a c id s  i n  t n i s  c o n n e c tio n  snows tn a t  
tne  g e n e ra l in f lu e n c e  o f  tne t e r t i a r y - b u t y l - g r o u p  
i s  to  make tn e  me ta r- and p a r a -  a c id s  w e a k e r tn a n  tne  
u n s u d s t i t u t e d  "benzoic a c id  w n ic n  a g a in  snows tn a t  tn e  
t e r t i a r y - b u t y l - g r o u p  i s  e l e c t r o n - r e p e l l i n g .  I t  is  
p e rh a p s s u r p r is i n g  tn a t  tn e  a c id s  do n o t d i f f e r  
g r e a t l y  fro m  tn e  c o rre s p o n d in g  t o l u i c  a c id s ,  e x c e p t 
I n  tn e  case o f - t h e  o r t h o -is a m e r id e .  Tne v a lu e  
o f  tn e  g e n e r a l  e f f e c t  on tn e  d i s s o c ia t io n  c o n s ta n ts  
may "be c a lc u la t e d  fro m  tne  fo rm u la  o f  i lu r s c h e im  
( J .  C. S > .1 9 0 9 < 9 5 ,T2k) as f o l l o w s ,  w here p  i s  tn e  
g e n e r a l  e f f e c t (d e s ig n a t e d  tn e  p o la r  e f f e c t  by 
N lu r s c h e im ) ,  aiCe tn e  d i s s o c ia t io n  c o n s ta n ts
o f  tn e  m e t a - ,p a r a -  and u n s u b s t it u t e d  a c id s  r e s p e c t i v e ly .
P «  V *  = o . b 8 ,
Sku * x  b . y
Tne v a lu e  o f  p , c a lc u la t e d  fro m  tne c o n s ta n ts  o f  tne 
t o l u i c  a c id s  i s  o .? a .  m i s  fo rm u la  d i f f e r s  fro m  
tn a t  used f o r  tn e  n y d r o ly s is  e x p e rim e n ts  i n  tn a t  tne 
lo g a r it h m  o f  trie v a lu e  i s  used i n  tn e  l a t t e r  ca se .
ALTERNATING EFFECT.
m e  e f f e c t  o f  an a l t e r n a t in g  in f lu e n c e  due
/
to  tn e  t e r t i a r y - b u t y l - g r o u p  i s  a p p a re n t i n  f i v e  
in s ta n c e s ,n a m e ly , ( l )  d i r e c t  s u b s t i t u t i o n  w i t n  n i t r i c  
a c id  g iv e s  o r t h o -  and para -com pounds (S e n k o w sk i , B e r . , 
¡1 8 9 0 , 2 3 , 2 4 1 4 ) ,  ( 2 )  tn e  r e d u c t io n  o f o -  and p— io d o -  
t e r t i a r y /
t e r t i a r y -P u t y l -P a n z e n e s  and n o n -r e d u c t io n  o r  th e  
m e t a - isomer id e  a t 35° and 100° , ( 3 )  the more r a p id
h y d r o ly s is  o r p - t e r t i a r y - P u t y l - P e n z y l  P ro  mi de as
s
com pared w it h  th e  m eta, ( 4 )  th e  r e v e r s a l  o r  t h i s  
o r d e r  o r  r e a c t i v i t y  i n  h y d r io d ic  a c id  and ( 5 )  th e  
h ig h e r  d i s s o c ia t io n  c o n s ta n t o r  m ~ t e r t i a r y - o u t y l -  
p e n zo ie  a c id  th a n  t h a t  o r  th e  p a r a -is o m e r id e .
The p r o o r ,  i n  t h i s  i n v e s t i g a t i o n ,  o r  the 
c o n s t it u t io n !  o r  o - n i t r o - t e r t i a r y - P u t y l - P e n z e n e , 
o b ta in e d  Py Senkow sKi ( l o c . c i t .  ) shows v e r y  c l e a r l y  
th a t  th e  o r t h o -p o s i t i o n  i s  r e a c t iv e  and th a t  i t  is  th e  
g r e a t - s t e r i o  in r iu e n c e  o r  the  t e r t i a r y - h u t y l - g r o u p  
w h ic h  r e s u l t s  i n  th e  p r o d u c t io n  o r  a p re p o n d e ra tin g  
q u a n t i t y  o r  the p a r a - i  some r i d e .  The r e a c t i v i t y  o r  
the o r t h o -p o s i t i o n ,  P o th  to w a rd s n i t r i c  a c id  and 
P ro m in e , when the  p a r a -p o s i t io n  i s  o c c u p ie d  has a ls o  
Peen d e m o n s tra te d , P ut i t  i s  to  Pe remembered i n  
th e se je xp e rim e n ts  th a t  th e  n l t r o -g r o u p  i t s e i r  may have 
an a p p re c ia b le  in f lu e n c e  i n  d i r e c t i n g  th e  t h i r d  g ro u p  
m eta to  i t s e i r .  I t  was p o s s ib le  t o  show how ever 
th a t  th e  la r g e  h in d e r in g  a fre -c t  o r  th e  t e r t i a r y -  
P u ty  1 -g r o u p  c o u ld  Pe c o u n te ra c te d  and p r o v id e d  a 
means o r  o P t a in in g  o r t h o -d e r i v a t i v e s .
I .  C ause  o r a l t e r n a t i o n  i n  n u c le a r  r e a c t i v i t y .
( 1 ) .  E le c t r o n  s h i r t .
The s i m i l a r i t y  o r  th e  d i r e c t i v e  in f lu e n c e  
o r th e  t e r t i a r y - P u t y l - g r o u p  to  th a t  o r  th e  h y d r o x y i -  
g ro u p  /
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g ro u p  i n  p h e n o l n e c e s s ita te s  the c o n s id e r a t io n  o f 
the p o s s i b i l i t y  o r  e le c t r o n i c  movement o r  th e  ty p e  
q u o te d  i n  th e  in t r o d u c t io n  (page  a ) .  I f  an e le c t r o n  
s o u rc e , su c h  as th e  h y d ro x y  1 - g r o u p , i s  p re s e n t i n  
a benzene n u c le u s  and th e  m o le c u le  i s  a tta c k e d  b y  
n i t r i c  a c id ,  th e n  th e  p o l a r i s a t i o n  o f  th e  o r t h o -  
and p a r a -p o s i t io n s ,  at the  moment o f  r e a c t i o n ,  w i l l  
ta k e  p la c e ,  as a lr e a d y  sh o w n ,th e  o xyge n  atom 
o r i g i n a t i n g  th e  e le c t r o n i c  s h i f t .  The f u l l  
r e p r e s e n t a t io n  o f  a p h e n o l m o le cu le  when a tta c k e d  
w o u ld  be as f o l lo w s :
In g o ld  and In g o ld  ( J .  C. S. ,1 9 2 6 ,1 3 1 0  ) nave e xte n d e d
* ln  t h i s  c o n n e c t io n , i t  is  n o te w o rth y 41 th a t  i n  
the p re s e n ce  o f  a lu m in iu m  c h lo r id e ,  to lu e n e  ana. 
¿ e r t i a r y - b u t y 1 - c h l o r i d e  g iv e  m - t e r t i a r y - b u t y i - t 0 lu e n e  
(com pare page 3 9 ) .  I t  is  su g g e s te d  th a t  h e re  th e  un­
e x p e cte d  d i r e c t i n g  in f lu e n c e  o f  th e  s u b s t it u e n t  g ro u p  
i s  due to  a s s o c ia t io n  o f  th e  c a t a ly s t  w it h  the me t h y  1 -  
g ro u p  i n  a m anner s i m i l a r  to  th a t  su g g e s te d  by O l i v i e r  
i n  a p a r a l l e l  case ( R e c . t r a v . c h i m . ,1 9 2 6 ,4 5 ,7 1 0 ; i b i d ,  
1 9 2 V ,4 6  6 0 5 ).  T h is  p ro b le m  r e q u ir e s  f u r t h e r  








The d i f f i c u l t y  a r i s e s ,  h o w e ve r; • as to  how 
th e  t e r t i a r y — b u t y  1 -g r o u p  can a c t as an e le c t r o n  so u rce
R o b in s o n 's  id e a s  and re g a rd  th e  d i r e c t i o n  b y  m e th y l,
a s i m i l a r  case to  th e  one u n d e r d is c u s s io n ,  to  "be due 
to  a s l i g h t  change i n  th e  d i s p o s i t i o n  o f  th e  e le c t r o n s  
ro u n d  th e  c a r t o n  atom w it h  p r o d u c t io n  o f  th e  same 
e f f e c t s  as i n  p h e n o l,  h u t i n  a le s s e r  d e g re e . T h is  
r e s u l t s  i n  s m a ll  changes de noted hy and i n  
the f o r m e r ,  as opposed t o 4 - and —  i n  th e  l a t t e r  case 
a p p e a rin g  i n  th e  p o s it io n s  in d ic a t e d .
The t e r t i a r y - h u t y l - g r o u p  must a c t i n  the same m anner 
and the  r e a c t iv e  m o le cu le  w i l l  have th e  fo rm  denoted*.
( 2 )  O c te t  s t a b i l i t y .
The re a s o n  why th e  t e r t i a r y - h u t y l - g r o u p  
b r in g s  about th e  p o l a r i s a t i o n  o f  th e  o r t h o -  and p a r a -  
p o s it io n s  w o u ld  a ls o  be r e a d i l y  e x p l ic a b le  by the 
th e o r y  o f  Kerm acK and R o b in so n  ( J .  c . 3%. ,1 9 2 2 ,1 2 1 ,4 2 7  ) .  
T h i  s I
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T h is  p o s t u la t e s  a s ta p le  e le c t r o n i c  o c t e t  (s u c h  as 
w o u ld  he e x p e cte d  to  he p re s e n t i n  th e  t e r t i a r y - b u t y l -  
g ro u p  ) ab the o r i g i n  o f  the  in f lu e n c e ,p r o d u c in g  
a l t e r n a t in g  u n s ta b le  and s t a b le  o c te ts  w h ic h  r e s u l t s  
i n  th e  fo rm a tio n  o f  p o s i t i v e l y  and n e g a t iv e ly  p o la r is e d  
p o s i t i o n s .  - T h is  is  fo rm u la te d  as f o l lo w s  w here s 
re p re s e n ts  s t a b le  and u u n s ta b le  o c t e t s .
The c a rb o n  atoms ro und w h ic h  are the  s ta b le  o c te ts  i n  
o r t h o -  and p a r a -p o s i t io n s  w o u ld  be n e g a t iv e ly  
p o la r is e d ,
and w o u ld  be th e  p o s it io n s  o f  a tta c h  w it h  n i t r i c  a c id  
o r  b ro m in e . T h is  h y p o th e s is  i s  th e  most a t t r a c t i v e  
fro m  th e  v ie w p o in t  o f  th e  p re s e n t  o b s e r v a t io n s , 




o r d e r  o r  ease o r  h y d ro ly s e s  and r e d u c t io n  o r  the  
t e r t i a r y - b u t y  1 -b e n z y l  "bromides ( v i d e  l a t e r ) .  Thus 
e i t h e r  m echanism  r e s u l t s  i n  th e  p r o d u c t io n  o f 
n e g a t iv e ly  p o la r is e d  o r t h o -  and p a r a -c a r b o n  atom s, 
the  p o s i t io n s  o r  a tta c k  b y  re a g e n ts , a rem ark w h ic h  
a ls o  a p p lie s  to  th e  n e x t s e c t io n  o r  th e  d is c u s s io n .,
I I .  R e d u c tio n  o r  o~ and p - i o d o - t e r t i a r y - b u t y l -
b e n ze n e s .
The re m o va l o r  io d in e  rrom  the i o d o - t e r t i a r y -
b u t y l -b e n z e n e s  i s  a phenomenon c lo s e ly  r e la t e d  to  
t h a t  o r  s u b s t i t u t i o n  in  th e  benzene n u c le u s . A
d 1030-
p a r a l l e l  m ig h t be draw n be tw e en t h i s  a n a / c o u p lin g , 
when th e  d ia z o n iu m  compound re a c ts  i n  v i r t u e  o r  i t s
h y d ro g e n  in  th e  a tta c k e d  p o s i t i o n  is  th e n  e x p e lle d  as 
a proton .and e n te rs  in t o  c o m b in a tio n  w i t h  th e  
c h lo r in e  io n ,  t h a t  is ;
p o s i t i v e  io n  and io n is e s
HQ<(  +  £  I Hi- ^
Cini'€irmediâ/'e com|’o<M*0
R e d u c t io n /
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R e d u c tio n  o f  o—  and p - l o d o - t e r t i a r y - b u t y l -  
benaenes w it h  h y d ro g e n  io d id e  c o u ld  c o r r e s p o n d in g ly  
"be fo rm u la te d  i n  the f o l lo w in g  w ay:
r <  V i  +- f i i f l  — » < ^ < 1 +  (
tee
A t t i l l s  sta g e  th e  g r e a t e r  a t t r a c t i o n  o f  / n e g a t iv e ly  
p o la r is e d  c a rb o n  atom f o r  h y d ro g e n  th a n  f o r  io d in e ' 
r e s u l t s  i n  th e  e x p u ls io n  o f  th e  l a t t e r  to  a r e c e p t o r ,
Y
th e  n e g a tiv e  io d in e  io n .  The g r e a t  c o n c e n t r a t io n  
o f  th e  h y d r lo d ic  a c id ,  c o u p le d  w it h  th e  a v e r s io n  o f  
th e  "benzene n u c le u s  to. he d i r e c t l y  s u b s t i t u t e d  b y  i o d i n e ,  
a s s is t s  th e  r e a c t io n  i n  a fo rw a rd  d i r e c t i o n .  The 
p o l a r i s a t i o n  o f  the o r t h o -p o s i t i o n  i n  t h i s  r e a c t io n  
must be v e r y  l a r g e ,  as i t  c o m p le te ly  masks the  s t e r i c  
h in d ra n c e  o f  th e  t  e r  t  i  a r y -b  u t y  1 -g  ro u p  and th e  ra te  
o f  r e d u c t io n  at 25° i s  a lm ost i d e n t i c a l  w it h  t h a t  o f  
o -io d o -to lu e n e .
P o s s i b i l i t y  o f  i n t e r v e n t io n  o f q u i  no.no id  s t r u c t u r e s .
I n  p re v io u s  e x p e rim e n ts , h a lo g e n  pre-sent i n  
a s u b s t it u t e d  benzene o r  n a p h th a le n e  n u c le u s  has 
p ro v e d  to. be v e r y  r e a c t iv e  (S h o e s m ith ,H e th e r in g to n  
and S l a t e r ,  J .  C .S , ,1 9 2 4 ,1 2 5 ,1 3 1 4 ; Shoe s m ith  and R u b li  ,
J ,  0 , S. ,1 9 2 7 ,5 0 9 8  ) and i t  appears as i f  th e  te n d e n cy  
to  r e ^ c t  i n  a q u in o n o id  m o d if ic a t io n  i s  one o f  th e  causes 
u n d e r ly in g  th e  g re a t  r e a c t i v i t y .  T h a t  re m o va l o f  
io d i n e /
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Io d in e  does n o t depend s o l e l y  on such changes i s  to  
he c o n c lu d e d  .¡from o b s e rv a t io n s  fro m  th e  present- 
r e s e a r c h ,  s in c e  i t  i s  v e r y  im p ro b a b le  t h a t  t e r t i a r y -  
b u t y l - d e r i v a t i v e s  w o u ld  re a c t  i n  such a fo rm  as w o uld  
e n t a i l  th e  p r o d u c t io n  o f  m o le c u le s  o f  th e  t y p e ,
OH3
I t  may be th a t  a d d it io n  o f  th e  w hole m o le c u le  o f 
h y d ro g e n  io d id e  p re ce d e s  s u b s t i t u t i o n ,  th a t  is ,
CAtea CMe3
w i t h  subsequent e l im in a t io n  o f  i o d i n e ,  w h ic h  w ould 
a cco u n t f o r  th e  g re a t  r e a c t i v i t y  o f  o - i o d o - t e r t i a r y -  
b u t y l -b e n z e n e , b u t  t h a t  i s  a p ro b le m  f o r  f u r t h e r  
e x a m in a tio n .
1 1 1 . A l t  a m a t  io n  t r a n s m it te d  th ro u g h  the  s id e  c h a in , 
(a! H y d r o ly s is /
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<av H y d r o l y s i s  o f  m- an d  p * - t o r t i a r y - b u t y ; i ~  
b e n z y l  b r o m i d e s .
The c l i f f  e re  nee i n  trie ra te s  o f  h y d r o ly s is  o f  
ret- and p - t e r t i a r y - b u t y l - b e n z y l  b ro m id e s  i s  due to  
th e  e f f e c t  o f  two in f lu e n c e s ,  nam ely a g e n e r a l  and 
an a l t e r n a t in g  in f lu e n c e .  The e f f e c t  o f  th e  fo rm e r 
has a lre a d y  "been d is c u s s e d  (v id e  page 74  ) .  The g r e a t e r  
a c t i v i t y  o f  the  p a r a - i  some r id e  to w a rd s  aqueous a lc o h o l  
is  d e f i n i t e l y  due to  the l a t t e r ,  s in c e  i t  i s  to  he 
e x p e cte d  t h a t  the g e n e r a l  in f lu e n c e  w o u ld  n o t he so 
e f f e c t iv e  i n  th e  p a r a -  as i n  th e  m e t a -p o s it io n ;  the 
d is ta n c e  be tw e en the In f lu e n c e d  and in f lu e n c in g  
g ro u p  i s  g r e a t e r  i n  th e  para -com poun d th a n  i n  the 
m e ta -is o m e rid e .
C ause: o f  t h i s  a l t e r n a t i o n .
C l )  E l e c t r o n  s h i g t .
The s h i f t  o f  e le c t r o n s  w h ic h  r e s u l t s  i n  th e  
a c t i v a t i o n  o f  th e  o r t h o -  and p a r a -p o s i t  io n s  i n  n u c le a r  
s u b s t i t u t i o n  and «ai&o i n  th e  re p la ce m e n t o f  io d in e  b y  
h y d ro g e n  c o u ld  be c o n tin u e d  i n  th e  case o f  p - t e r t i a r y -  
b u t y l -b e n z y l  b ro m id e  as f o l lo w s :
T h i s  means t h a t  as a  r e s u l t  o f  t h e  a l t e r n a t i n g  
i n f l u e n c e /
88.
in f lu e n c e  (s u p e rim p o s e d  o n  th e  g e n e r a l  ), th e r e  i s  an 
a d d i t i o n a l  te n d e n c y  f o r  th e  -brom ine atom to  become 
n e g a t iv e ly  c h a rg e d  a t t h e  moment o f r e a c t i o n ,  because 
th e r e  i s  a g ro u p  o f  th e  n e ce s s a ry  ty p e  (a n  e le c t r o n  
s o u r c e )  i n  th e  c o r r e c t  p o s i t io n  (o r t h o  o r  p a r a )  
w h ic h  w i l l  p e rm it  th e  e l e c t r o n i c  s h i f t .  In t e r p r e t e d  
i n  te rm s o f  e le c t r o n s  the f i g u r e  above becomes tfte 
f o l lo w in g  ;
Ç  A l e ,  *
a  c
. *  . •
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B e fo re  electronic. S h if t  A t  m em e nt » f  r e g io n
T h is  w o u ld  be th e  id e a l  s t a t e ,  n o t o f t e n  reached 
a lth o u g h  exam ples o f  a v e r y  r e a c t iv e  b ro m in e  atom are 
to  be fo u n d  i n  p -m e th o x y -b e n z y l  bro m id e  ( la p w o r t h  
and S hoe sm ith  J .  C . S . ,1 9 2 2 ,1 2 1 ,1 3 9 4 ) and 4~iaethoxy-°( -  
n a p h th y  1 -m e th y l b ro m id e  ( S h oe sm ith  and R u b li  , l o c . c i t ,
p . 3 0 9 9 / 4 f j n r t a i s  a n d  s i m i l a r  f i g u r e s  t h e  - c a r b o n  a to m  
i n  t e r t , - b u t y l - c o m p o u n d s  i s  f o r  c o n v e n i e n e e ^ p r e s e n t e d  
a s  s u r r o u n d e d  b y  s e v e n  e l e c t r o n s .  The a r r o w  a t  t h i s  
p o i n t  d e n o t e s  t h e  c o u n t e r a c t i n g  o f  t h i s  d e f i c i e n c y  
b e c a u s e  o f  t h e  c a p a c i t y  o f  t h e  t e r t . - b u t y l - g r o i u p  t o  
f u n c t i o n  a s  a n  e l e c t r o n  s o u r c e .
The e l e c t r o n  s h i r t  how ever hoes n o t appear 
p ro b a b le  as an a c t i v a t o r  o r  d e a c t iv a t o r  o f  th e  m e ta - 
p o s i t i o n ,  because when th e  e le c t r o n i c  r e p r e s e n t a t io n  
i s  exam ined i t  w o u ld  r e q u ir e  th e  m e ta -c a rb o n  atom and 
th e  s id e  c h a in  c a rb o n -a to m  to  be c o n n e cte d  b y  one 
e le c t r o n ,  T n i s  means t h a t  th e  change
p. 3099),
i s  v e r y  im p ro b a b le ,
H : c C  S H
H
Phus
H * C  \  C C  J By  ;
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Lto,
/ i f  t h i s  is  the  e x p la n a t io n  o f  th e  s lo w e r  h y d r o ly s is  
o f  th e  m eta-com pound, th e  g e n e r a l  in f lu e n c e  i s  th e  
o n ly  f a c t o r  a f f e c t in g  the m eta p o s i t io n .
( 2 ) /
9 0 .
( 2 )  O c te t s t a b i l i t y .
a  d e p re s s in g  o f  th e  r e a c t i v i t y  may be due 
How ever to  a n o th e r  cause o f  a l t e r n a t i o n ,  sued as 
e l e c t r o n i c  nactet s t a b i l i t y  .w h ic h  w o u ld  a ls o  account 
f o r  th e  slower ra te  o f  r e a c t i v i t y  o f th e  m eta-com pound 
b y  re a s o n  o f  bn u n s ta b le  o c t e t  ro u n d  th e  brom ine 





Here a g a in  e i t h e r  mechanism o f  p r o d u c t io n  o f  a l t e r ­
n a t io n  w o u ld  e x p la in  th e  phenomena o f  th e  d i f f e r e n t  
ra te s  o f  h y d r o l y s i s .  The v a lu e  o f  the  a l t e r n a t in g  
e f f e c t  on th e  h y d ro ly s e s  a t 60° , c a lc u la t e d  fro m  
th e  fo rm u la ,
a =  i C l o g i o  Kp~ lo g 10 2 ^ ) ,
w here a i s  th e  m agnitude[of th e  a l t e r n a t in g  e f f e c t ,
Kp and the a ve ra ge  v e lo c it y -c o n s t a n t s  (v id e
S h o e sm ith  and S l a t e r ,  J .  C .S , ,1 9 2 6 ,2 1 5 ) is  0 .1 3 ,  com - 
th e  ,
p a re d  w it h / v a lu e  0 . 2 8  f o r  the  methy 1 -g r o u p .
T h a t th e  ra te  o f  h y d r o ly s is  o f  th e  b e n z y l  
bro m id e  i s  v e r y  c lo s e ly  r e la t e d  to  n u c le a r  s u b s t i t u t i o n ,  
i s  b o rn e  o u t by th e  r u l e ,  f i r s t  e n u n c ia te d  b y  O l i v i e r ,
( R 0 8 . /
( R e c . t r a v . c h i m . . , 1 9 2 3 , <y3,775 ).
■ In  a s e r ie s  o f  is o m e r ic  b e n z y l  h a l i d e s , th o se  
is o m e rid e s  i n  w h ic h  th e  - d i g i t a l  g ro u p  i s  a tta c h e d  to  
th e  c a rb o n  atom o f  th e  benzene n u c le u s  w h ic h  is  
a tta c k e d  d u r in g  s u b s t i t u t i o n  o f  the  c o rre s p o n d in g  
benzene d e r i v a t i v e  are the  ones fro m  w h ic h  th e  h a lo g e n  
i s  most r e a d i l y  rem oved by the  h y d r o ly s in g  a g e n t .“ 
(g u o te d  fro m  S hoe sm ith  and T a y l o r ,  J .  C . S . ,1 9 2 6 ,2 8 3 2  ). 
T h is  r u le  i s  s u b s ta n t ia te d  i n  th e  p re s e n t  in s ta n c e .
(fciiReduction o f  m - and p - t e r t i a r y - b u t y i - b e n z y l  brom ides 
I t  appejars how ever th a t  th e re  i s  a f a c t o r  
at w o rk , o t h e r  th a n  the e le c t r o n i c  s h i f t .  T h is  
causes a “p o s i t i v i t y "  o f  the brom ine atom , because 
th e  o r d e r  o f  ease o f  re m o va l o f  the  b ro m in e  w it h  
h y d ro g e n  io d id e  i n  m - and p - t e r t i a r y - b u t y l - b e n z y l  
b ro m id e s  i s  v e r y  d e f i n i t e l y  m e t a > p a r a . The v e l o c i t y  
o f  t h i s  r e a c t i o n ,  th e  re m o va l o f  “p o s i t i v e "  b ro m in e , 
m ust be In f lu e n c e d  b y  a f a c t o r  w h ic h  in c re a s e s  the 
“p o s i t i v e "  n a tu re  o f  the  b ro m in e . As has be en seen 
b e fo re  th e  e le c t r o n  s h i f t  m echanism ^does n o t appear 
adequate to  b r i n g  t h i s  about and t h i s  i s  th e  o n ly  
case i n  th e  p re s e n t  i n v e s t i g a t i o n  where such  a 
change cannot be re g a rd e d  as th e  cause o f  in c re a s e d  
a c t i v a t i o n  o f  tn e  brom ine atom . O c te t  s t a b i l i t y  on 
the  o t h e r  hand f u l l y  e x p la in s  the phenomenon. I t  
maybe how ever t h a t  th e  s im p le  i n t e r p r e t a t i o n  o f  the  
re d u c t io n /
r e d u c t io n  o f  t h i s  and s i m i l a r  compounds w it h  h y d ro g e n
io d id e  i s  not c o r r e c t  and t h a t  th e  e q u a tio n s
R, CRgst +  i l l  ------- > R, CHg +  I B r  and
I B r  H I  »  H B r +  Is
o n ly  a p p ro x im a te ly  re p re s e n t  th e  r e a c t io n s  w h ic h  are
t a k in g  p la c e .
The v a lu e  o f  th e  a l t e r n a t in g  e f f e c t  ( a )  i n
th e  r e d u c t io n  e x p e rim e n ts , c c a lc u la te d  fro m  th e
e q u a tio n  aefoefore a t 110° i s - 0 . 0 7 ,  compared w i t h  - 0 . 1 9
a t 110° f o r  th e  m e th y l-g ro u p  ^ c a lc u la t e d  fro m
.
o b s e rv a t io n s  b y  S hoe sm ith  and S la t e r  ( J .  C. S . ,1 9 2 7 ,1 7 7 1  j] 
The e f f e c t  i s  s m a ll b u t  d e f i n i t e ,
( c ) D is s o c ia t io n  c o n s ta n ts  o f  m~ and p - t e r t i a r y -  
b u t y l -b e n z o i c  a c id s .
The p re s e n c e  o f  an a l t e r n a t in g  in f lu e n c e  is  
to  be re c o g n is e d  & e re , s in c e  th e  p a ra  i s  the  w eaker 
a c i d ,  th a t  i s  Kp = 4 .2  x  1Q~3 and Km -  5 .2  x  10“ 3 at 
2 5 ® . The e le c t r o n i c  i n t e r p r e t a t i o n  o f  such 
o b s e r v a t io n s  i s  as f o l lo w s .  I o n is a t i o n , -a c c o r d i n g  to
R o b in s o n ,is  due to  th e  fu n d a m e n ta l s h i f t  o f  e le c t r o n s
.
from  the oxygen i n  th e  h y d r o x y l  o f  th e  c a r b o x y l -g r o u p
.
to w a rd s  th e  c a rb o n  atom . The m e ta -a n d  para -com poun ds 
a re  th e r e f o r e  i n  the c o n d it io n  d e n o te d  b y  th e  two 
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The p a r  a -c a r "bon atom o r th e  p a r a -is o m e r id e , s in c e  
i t  i s  n e g a t iv e ly  c h a rg e a , r e s i s t s  the p ro c e s s ^ ),th a t  i s .
i s  r C o t  a f f e c te d  b y  p ro c e s s  ( a ) ,  o n ly  a g e n e ra l in f lu e n c e  
b e in g  r e a l l y  e f f e c t i v e  a t t h i s  p o in t  and i o n is a t i o n  
i s  n o t d e p re sse d  so much as i n  the p a ra -is o m e  r i d e .
c o n s ta n ts  are  c o n s id e re d  i n  the  l i g h t  o f  th e  th e o ry  
o f  o c t e t  s t a b i l i t y .  I n  th e s e  c a s e s , i t  w o u ld  be 
e x p e cte d  t h a t  th e  o c t e t  round th e  oxygen atom , a tta c h ­
ed to  th e  io n is a b le  h yd ro g e n  w o u ld  be s t a b le  i n  th e  
p a r a -  and u n s ta b le  i n  the met a - i  so me r i d e .
i o n i s a t i o n  i s  d e p re s s e d . The m eta-dearbon atom
A d i f f i c u l t y  a r is e s  when the d i s s o c ia t io n
T h is  means t h a t  th e  p a r a -  s h o u ld  be th e  s t r o n g e r  a c id ,  
w h ic h  i s  th e  r e v e r s e  o f  th e  e x p e rim e n ta l e v id e n c e .
In  t h i s  c o n n e c t io n , t h e r e f o r e ,  i t  appears as i f  an 
e x a m in a tio n  o f  th e  tra n s m is s io n  o f  in f lu e n c e s  th ro u g h  
atom s, o t h e r  th a n  c a rb o n , w o u ld  be a v a lu a b le  f i e l d  o f  
i n q u i r y .
STER10 E F F E C T .
The i n h i b i t i n g  m anner in  v/hich r e a c t i v i t y  i s  
a f f e c t e d  b y  th e  s t e r i c  in f lu e n c e  o f  th e  t e r t i a r y - b u t y l -  
g ro u p ? due to  th e  space th e  group o c c u p ie s , has been 
re m a rk e d  upon from  tim e  to  tim e  in  th e  t h e s is .  The 
in t r o d u c t io n  o f  a n i t r o -g r o u p  o r  brom ine atom in t o  
th e  o r t h o -p o s i t  ion  is  a n  o p e ra t io n  d i f f i c u l t  to  
p e rfo rm  and i t  i s  n e c e s s a ry  to  p la c e  a n i t r o -g r o u p  
i n  th e  p a r a -p o s i t i o n ,  in  o rd e r  to  p re p a re  compounds 
fro m  w h ich  o r t h o -s u b s t i t u t e d  d e r iv a t iv e s  may then  be 
o b t a in e d . Even th e n , s u b s t i t u t i o n  i s  s lo w e r th a n  in  
th e  c o rre s p o n d in g  to lu e n e  d e r i v a t i v e s .  The s t e r i c  
in f lu e n c e  can t h e r e f o r e  be c o u n te ra c te d , a f a c t  w h ich  
i s  b o rn e  o u t in  th e  e a s e  o f  r e d u c t io n  o f  o - i o d o - t e r t -  
i a r y -b u t y l -b e n z e n e , a lr e a d y  d e s c r ib e d .
A b n o rm a lity  o f  o - t e r t i a r y - b u t y l - b e n z o i c  a c id .
The d is s o c ia t io n  c o n s ta n t o f  o - t e r t i a r y -  
b u t y l -b e n z o i c  a c id  ( K q 2 s* 2 -8  x ic T a ) is  a b n o rm a lly  h ig h  
( com pare/
94.
T i l l s  may lie a c c o u n te d  f o r  on the  b a s is  o f  th e  th e o ry  
oi' T Iu r s c h e im  ( l o e . c i t .  p .7 2 5  ) who says t h a t  the 
g r e a t  a c i d i t y  o f  o r t h o -s u b s t i t u t e d  a c id s  i s  due to  
O i e  s t e r l c  in f lu e n c e  o f  the s u b s t it u e n t  g ro u p  w h ic h  
d i s t u r b s  th e  n o rm a l e q u i l ib r iu m  be tw e en d is s o c ia t e d  
and n o n -d  i s  s e d a t e d  m o le c u le s  i n - t h e  d i r e c t i o n  o f  th e  
u p p e r a rro w  in  the  e q u a tio n :
R. Cgiu . COOH <==± R. Cgh4 . C 0 0 - +  h+ .
T h is  i s  because th e  p r o x im it y  o f  th e  s u b s t it u e n t  to  
th e  c a rb o x y 1 -g ro u p  p re v e n ts  re c o m b in a tio n  o f  tn e  
h y d ro g e n  io n  and tn e  a n io n  R .C g H ^, CQO~ to  a g r e a t e r  
e x te n t  th a n  i n  the met a -  and para -com poun ds and hence 
o r t h o -s u b s t i t u t e d  a c id s  have an e x c e p t io n a l ly  h ig h  
d i s s o c ia t io n  c o n s ta n t . The a c id  i s  a ls o  re m ark able  
i n  two. o th e r  in s t a n c e s ,  na m e ly, ( l )  i t s  lo w  m e lt in g  
p o in t  and ( 2 )  i t s  h ig h  s o l u b i l i t y  i n  w a te r  ays compar­
ed w i t h  th e  o t h e r  is o m e rid e s , A co m p a riso n  o f  th e  
m e lt in g  p o in t s  ( a )  and s o l u b i l i t i e s  in  w a te r  a t 25° ( 3 ) 
o f  the  th re e  is o m e r ic  t e r t i a r y - b u t y l - b e n z o i c  a c id s  
( x )  and th e  t o l u i c  a c id s  ( y )  i s  g iv e n  i n  T a b le  X I .
T a b le  X I .
A B
C o n c e n tr a t io n  o f  a 
s a tu ra te d  s o lu t io n  o f
(co m p are  K = 5.2  s  1 0 "?  ana K_ = 4.2  x  l o ~ 5  ).
a c id  at 25° .
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When tra n s m itte d , th ro u g h  a benzene n u c le u s , 
th e  in f lu e n c e  o f  th e  t e r t i a r y - b u t y i - g r o u p  on atom s, 
e i t h e r  in  c o m b in a tio n  w i t h  th e  n u c le u s  o r  rem oved 
fro m  i t  b y  a s in g le  c a rb o n  atom, i s  s i m i l a r  to  th a t  o f 
th e  m e th y 1 -g ro u p . The s t e r i c  e f f e c t  due to  th e
fo rm e r  group, i s  l a r g e r  and th e  g e n e ra l and a l t e r n a t in g  
e f f e c t s  le s s  th a n  th o se  due to  the l a t t e r .  W h ils t  
th e  e f f e c t s  o f  tn e  g e n e ra l and s t e r i c  in f lu e n c e s  are  
r e a d i l y  e x p lic a b le  (s a v e  in  the ease o f  r e d u c t io n  o f  
m - and p - t e r t i a r y - b u t y l - b e n z y l  bro m id e s ) i t  is  seen 
t h a t  n e i t h e r  o f  th e  m ain  th e o r ie s  p u t fo rw a rd  to  
a cco u n t f o r  the  o r i g i n  o f  th e  a l t e r n a t in g  in f lu e n c e  
e x p la in  the w h o le  o f  th e  f a c t s .  The t h e o r y  o f 
e l e c t r o n i c  s h i f t  w o u ld  n o t p r e d ic t  the  d if f e r e n c e  
b e tw e en ease o f  r e d u c t io n  o f  m - and p - t e r t i a r y - b u t y l -  
b e n z y l  b ro m id e s  and th e  th e o r y  o f  o c t e t  s t a b i l i t y  
th e  d if f e r e n c e  betw een th e  d i s s o c ia t io n  c o n s ta n ts  o f  
m - and p - t e r t i a r y -b u t y l -b e n z o i c  a c id s .
CONCLUSION.
